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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 





TUESDAY, FEBRUARY 16, 1960 


ConGRESS OF THE UNITED STATES, 
Jornt ComMItTTEeE ON Atromic ENErey, 
Washington, D.C. 

The committee met, pursuant to notice, at 2 p.m., in room P-63, 
the Capitol, Senator ‘Clinton P. Anderson (chairman of the Joint 
Committee) presiding. 

Present: Senators Anderson, Hickenlooper, and Aiken; Represent- 
atives Price, Aspinall, Van Zandt, Hosmer, and Westland. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director, David R. Toll, staff counsel, and George F. 
Murphy, Jr., professional staff member. 

Chairman Anperson. The committee will be in order. 

Today we begin our public hearings on the development, growth, 
and state of the atomic energy industry, as required by section 202 of 
the Atomic Energy Act of 1954.1 The Atomic Energy Commission 
will lead off the testimony today, and we expect they will finish their 
testimony tomorrow afternoon. Approximately 27 representatives 
of industry and other interested groups and individuals will testify 
on Thursday afternoon and Friday morning, and on a half-day basis 
for probably the next week. The AEC and industry witnesses were 
ag to discuss the following subjects : 

The AEC’s 10-year civilian power program. 

2: Military reactor programs, including the Army eee 
gram as it affects industry and the Navy reactor program as it affects 
industry. 

3. Maritime reactor program. 

; AEC contract policies and how they affect industry. 

Industrial development and uses of radioisoto 

The main focus of the hearing will be on AEC’s 10-year civilian 
atomic power program, but I am hopeful we will also have time to 
discuss industry aspects of our naval reactor program and our mili- 
tary package power projects as well as the industry aspects of the 
radioisotope program. Some discussion of the regulatory program 
will also be helpful. 

This will be your second year with us at these hearings, Mr. Mc- 
Cone. Last year you will recall there were a few misunderstandings 
on both sides in relation to your presentation. Iam glad to say that 
our subsequent hearings and activities developed the most cordial 
relationship between the Commission and the committee and its staff. 


2 Announced in Joint Committee Press Release No. 253, dated Jan. 22, 1960. Atomic 
Energy Commission notified by letter dated Jan. 6, 1960. 
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2 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


In saying this, I must recognize we have had some disagreements on 
the proposed atomic power projects initiated by the Joint Committee 
or on which the Joint Committee was interested such as the Oak 
Ridge gas-cooled experimental prototype, the Puerto Rico superheat 
reactor, the boiling water project in the second round, and the organic 
project in the third-round power demonstration program. 

I am glad to say that the Commission after some consideration has 
proceeded with the projects as contemplated by the Joint Committee 
on Atomic Energy. I might add that this has been a matter of ex- 
treme pleasure to me and I know to other members of the committee 
to have this very fine cooperation from the Commission. 

The Commission’s presentation of the 10-year atomic power pro- 
gram marks a milestone in the Commission's program planning. The 
need for such longer term planning was set forth in July 1957 in 
the Joint Committee report on the AEC authorization bill for fiscal 
year 1958. In the fall of 1957 Mr. Carl Durham, our chairman, pro- 
posed that the AEC and the Joint Committee informally develop a 
mutually agreed on 5- to 10-year program, Although since July 1958 
the Commission has preferred to follow the traditional methods of 
presenting its proposals to the Joint Committee, progress has been 
made in developing mutually agreed upon objectives and methods, 
and some consultation has been made. In reviewing the AEC 10-year 
program and the discussions which follow, I hope that the \dakeme 
questions will be considered at appropriate times: 

One, I note a big gap in prototype construction with no starts from 
now until fiscal 1962. What is going to happen to our atomic equip- 
ment industry during this 214-year period ? 

Two, what effect will the failure of the Euratom program have upon 
the domestic atomic equipment industry? Should consideration be 
given to allotting to our domestic program some of the funds which 
would have gone into the international program ? 

Three, I note at the end of your statement a brief paragraph on 
the cost of the program. We requested a more detailed explanation 
of the cost. In the past the provisions of the cost projections have 
been extremely difficult to work out. 

Four, what measures do you recommend to expedite our schedule 
on atomic power projects? You publicly called attention to this prob- 
lem and contrasted our method with the Russians. I might point 
out that we have been provided with a great deal of information and 
data in the form of various reports along with the AEC statement 
which Mr. McCone will give. Thus we have the AEC annual report 
which is on the state of the atomic energy industry. We havea special 
report on radioisotopes. We have our annual statement updating 
AEC cost estimates on the civilian atomic power program, and we 
requested certain additional cost information as mentioned above. 
Undoubtedly other documents have been or will be received during 
these hearings. 

(A letter from James T. Ramey, executive director, Joint Commit- 
tee on Atomic Energy, to Gen. A. R. Luedecke, General Manager, 
AEC, dated February 26, 1960, regarding the above questions, as 
well as other questions that arose duri ing the hearings, and the Com- 
mission’s response, in the form of a letter to Senator Anderson, 
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Chairman, Joint Committee on Atomic Energy, from Acting Chair- 
man John F. Floberg, AEC, dated March 7, 1960, will be found on 
pp. 145-149.) 

Chairman Anprrson. Accordingly, it may be that the Joint Com- 
mittee will not be in a position to consider adequately all the ma- 
terial presented and may wish to go a bit further near the conclusion 
of these 202 hearings or in connection with the authorization hearings. 

I am very happy to have you with us today, Mr. McCone, and to 
welcome you and your associates on the AEC, and the AEC staff 
members. 

May I end up by saying that, Mr. McCone, it has been a very pleas- 
ant year as far as I am concerned. I think it has been a profitable 
year, since you have been with us last, and I look to your testimony 
with a great deal of satisfaction and comfort. We are happy to have 
you here. 


STATEMENT OF JOHN A. McCONE, CHAIRMAN, ACCOMPANIED BY 
COMMISSIONER JOHN S. GRAHAM, COMMISSIONER JOHN F. 
FLOBERG, DR. JOHN H. WILLIAMS, COMMISSIONER, DR. FRANK 
K. PITTMAN, DIRECTOR, DIVISION OF REACTOR DEVELOPMENT, 
AND GENERAL MANAGER A. R. LUEDECKE AND OTHER STAFF 
MEMBERS, ATOMIC ENERGY COMMISSION ' 


Mr. McConr. Thank you very much, Mr. Chairman. I would like 
to express myself and also the feeling which I am sure is that of 
Commissioner Floberg and Commission Graham and Dr. Williams, 
that we are most gratified for the cordial and considerate manner we 
have been treated by you personally and by your committee, and for 
the cooperation extended by the staff, who have worked diligently and 
cooperatively with us. I am very happy to hear your remark and 
realize that our feeling is reciprocated by the feeling which you 
expressed. 

We have submitted a prepared statement which I will read. 

Chairman ANprerson. May I say to you, Mr. Chairman, that we 
appreciated very much, since this is a relatively long statement, the 
fact that we had it many days in advance, instead of the 24 hours in 
advance that the Reorganization Act might have required. We had it 
a long time in advance, have had a chance to go over it, and the staff 
appreciated that fact very much. Every member of the committee has 
had it for 2 or 3 days. 

Mr. McConr. I have a few opening remarks which have not been 
distributed because the time did not permit it to be mimeographed. 
With your permission I would like to read it, and then I will tell you 
when I start with the statement, a copy of which has been submitted to 
you. 

Chairman Anperson. You go right ahead. 

Mr. McConr. In presenting the Atomic Energy Commission’s testi- 
mony for this year’s 202 hearing, we would like with your permission 
to discuss, first, the nuclear power program, particularly the con- 
clusions we have drawn from the 10-year study we have rec ently com- 
pleted. I will present this portion of the Commission’s testimony. 





‘The full statement of the Atomic Energy Commission appears, starting on p. 122. 
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Mr. McConr. This will be followed by testimony on the inter- 
national program, industrial activities, and isotope development to be 
presented by Commissioner Floberg. Mr, Graham will present our 
views on regulatory matters, contract policy, patents, and fuel sup- 
ply. The oral testimony of Commissioners Floberg and Graham 
will discuss programs on which you, Senator Anderson, requested 
comment in your letter of January 6. 

As w ritten testimony, we would like to present for reference the 
Commission’s Annual Report to Congress for 1959. This is the report 
which you referred to. This report describes the progress of the in- 
dustry during the year 1959, related Commission’s programs, and 
other major activities in which members of the committee have ex- 
pressed a special interest. The annual report incorporates a special 
report on management of radioactive wastes and a summary of what 
we know and are seeking to learn about fallout from weapons tests. 

We have also submitted for reference a special report called 
“Radioisotopes in Science and Industry (January 1960).” Testimony 
covered by the other Commissioners and myself represents the major 
segments of our presentation. 

I would like to preface our remarks by informing the committee that 
the views expressed by me and by my fellow Commissioners represent 
the unanimous views of the Commission. In discussing the power 
program, I will outline our conclusions concerning the experimental, 
prototype, and large-scale reactors which we believe should be built 
to advance this technology. 

I wish to emphasize two things at the outset. First, plants which 
we envisage as essentially building blocks in the program are not by 
any means all of the plants w hich will be built in the United States 
during. the next 10 years. It is our opinion that as each successive 
step in our program shows possibilities of lower cost plants and cheaper 
power, publicly and privately owned utilities will themselves build 
plants with or without Government aid in order to meet their ever- 
growing demand for electric power. Many of these plants will be 
built. for the sole purpose of meeting power demands and will not be 
developmental units as such. However, it may be in the interest of 
the objectives of the Commission to support these undertakings 
through research and development assistance and fuel waiver where 
conditions warrant such participation. 

My conclusion as to this possibility is prompted by the dramatic 
developments in diminishing capital costs and lowering power costs of 
two of the most advanced reactor concepts, the pressurized and the 
boiling water designs. You are familiar with the fact that the GE 
Co. has offered a 300-megawatt electrical boiling water plant to the 
utility industry at a capital cost of about $200 per kilowatt, and a guar- 
anteed fuel life which has the effect of assuring satisfactory resulting 
power costs. The Westinghouse Co. has offered a pressurized water 
plant on about the same basis. 

These plants, I might say, are offered on a fixed-price basis, and 
this is a very satisfactory arrangement from the standpoint of the 
utilities. These figures are significantly lower than the cost of the 
several plants now under construction or nearing completion which 
are based on the technology of 1955 to 1957. Moreover, these estimates 
are substantially lower than the figures developed through studies 
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authorized by this committee 2 years ago, and presented to this com- 
mittee by the Commission last spring. These proposals by the West- 
inghouse and General Electric companies have created a very great. 
interest on the part of major utilities in California. 

I can report to you, as I have previously, that active negotiations 
are underway for the construction of two plants totaling 600,000 to 
650,000 kilowatts electrical, with engineering design and construction 
estimated to start in 1960. It is my hope andi my belief that these nego- 
tiations will be consummated, and that these plants will come into 
being. Although some Government assistance might be needed for 
research and development, and possibly fuel charges, I am gratified 
to be able to inform you that the executives of the utility companies 
have reported to me that for the first time in the long and sometimes 
discouraging history of nuclear power development, they can consider 
the construction of these large plants on purely an economic basis in 
competition with conventional plants in areas of the United States 
where fuel is particularly expensive. 

Secondly, I would like to er that a 10-year look into the 
future of a new and rapidly developing technology such as nuclear 
power must be based on the best known technology and judgment of 
knowledgeable men concerning possible future developments. How- 
ever, since this is a new and ever-changing science, the program must 
be kept flexible and adjusted from year to year to take full advantage 
of the evolving technology. The Commission must be alert to new de- 
velopments and remain sufliciently flexible to take full advantage of 
them as they appear. This has been and will continue to be our policy. 

Among other things, this policy will call for the construction of ex- 
perimental plants and prototypes by the Commission itself, or under 
the conditions of second or third round for our power demonstration 
reactor program. With your permission, Mr. Chairman, I will now 
proceed with the prepared statement. 

Chairman ANperson. Could we stop now for Senator Hickenloop- 
er 's question 4 

Senator HickenLoorer. I want to ask you a little bit more about 
these plants. Frankly, my question is motivated by some articles that 
have been appearing here in the last few weeks that the power pro- 
gram isa flop and failure, and that private enterprise is not interested 
in it, and that it just is not going any place. 

You mentioned these two plants where proposals have been made 
which I understand will total somewhere between 600,000 and 650,000 
kilowatts electrical. Are those to be built by private c¢ apital ? 

Mr. McConr. The negotiations, Senator, are between private power 
companies in California, and the W estinghouse and the General 
Electric Co. _ two plants that will be built with private capital. 
There will be no Government money involved in the construction. 
It is not clear whether the power companies, if these negotiations are 
concluded—and they are just under negotiation—will request some 
assistance from the C ommission in the way of research and develop- 
ment, or possibly the waiver of fuel charges for a period of 5 years. 
I do not. know whether that request will be made. However, the 
encouraging point to me in the light of the statement that you made, 
or your 1 “reference to statements whic h have appeared concerning the 
fact that nuclear power is a flop—and I must say it is discouraging 
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at times—is the fact that here is an area in which the power interests 
have been seriously considering these two plants to meet their grow- 
ing power demand, and not for the purposes of a developmental 
enterprise, 

Senator Hickentoorrer. That is one of the important parts of 
your statement that I was interested in, when you said that these 
proposals stem from basically economic considerations and not ex- 
perimental considerations. In other words, that they apparently 
consider that these plants and the design and progress which has 
resulted thus far warrant them on an economic basis to go into the 
construction of these two plants; that is, it is worth while economi- 
eally. 

Mr. McCone. That is correct. 

Senator Hicken Looper. I think this is especially important in 
view of the slowing down or possible abandonment—lI don’t know 
that it will be abandoned—of the Euratom program, and some of 
the other programs. Also, the slowing down of the atomic power 
development in Russia, which is more or less as freely predicted 3 
or 4 years ago, and the other factors of fuel which affect the Eu- 
ropean programs. 

Perhaps you touch on this later. I don’t know. I am wondering 
whether or not you feel that this could be a step forward, in complete 
industrial private enterprise operations in this field of power pro- 
duction. 

Mr. McConr. I think it is a step forward. I would point out that 
we are talking about plants in an area which is quite high-cost fuel 
area. Also, an area of large electrical consumption, and therefore 
large plants, can be appropr iately used. 

Senator HickeNtoorer. And these plants would be used. 

Mr. McConr. These plants would be used to meet the growing de- 
mand for powe er and on a competitive basis with conventional fuel 
in the area. There are other areas in the United States where this 
could happen today. There does not seem to be quite the initiative, 
or quite the need for a large plant. But we have hopes for further 
developments along this line. 

Representative Van Zanpr. Did you say, Mr. McCone, it would be 

$200 per kilowatt for construction ? 

Mr. McConr. Erected on a fixed-price basis; yes. 

Chairman ANnprrson. May I interpose? Asa matter of fact, West- 
inghouse—I don’t know what the Gensel Electric proposal is—has 
interviewed a number of utilities, said they have a 300,000-plus kilo- 
watt installation that they will install for $68 million as a flat figure. 
I assume General Electric has a figure also somewhat in the neigh- 
borhood of $60 million for their 350,000-kilowatt plant. These are 
firm figures, are they not? 

Mr. McCone. These are firm figures. 

Representative Van Zanpr. Could you translate it into mills per 
kilowatt hour? 

Mr. McConr. That is difficult, Mr. Van Zandt, because that de- 
pends upon the factors of capital charges and load factor that the 
utility company itself uses as its standard. Some companies have 
longer periods of depreciation or amortization than others, and some 
estimate a higher load factor than others. 
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Representative Van Zanpr. What is the average cost per kilowatt- 
hour for conventional power on the coast / 

Mr. McCone. At a cost of 35 cents per million B.t.u. for fuel, and 
this is a reasonable current present-day cost on the west coast. The 
cost of power with estimated capital charges on a new efficient plant 
for 300 megawatts would be 7 mills. 

Representative Van ZaNpr. Seven mills? 

Mr. McCone. Yes. 

Representative Van ZaNnpr. You say these proposed plants will 
provide atomic power competitive with conventional fuel ? 

Mr. McConr. Over the life of the plant. Here comes in another 
factor of judgment where the power industry feels that conventional 
fuel is going to increase from year to year, because of inflationary 
pressures. But they look for the atomic fuel costs to come down be- 
cause of the mass production of the fuel elements which, as you 
know, is a big increment of the cost. 

Representative Van Zanpr. Mr. McCone, have you identified these 
utility companies on the west coast who are going to negotiate for 
these plants ¢ 

Mr. McConr. Yes; I know the companies. I have talked to them. 
It has been reported here on the February 11 issue of the Nucleonic 
Magazine. It is Southern California Edison Co. and the Pacific Gas 
& Electric Co. I wish to emphasize to this committee that these 
negotiations have not been completed. We have not been told that 
they had signed contracts or have indeed made the selection as to 
the process. However, they are sufficiently serious so that they have 
had many conversations with me personally and with 1 representa- 
tives of our staff. 

(Correspondence from California Edison follows :) 

SOUTHERN CALIFORNIA Eptson Co., 

Los Angeles, Calif., February 15, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


DEAR SENATOR ANDERSON: There is enclosed for the information of the Com- 
mission an original signed duplicate of a letter dated and delivered this date to 
Hon. John A. McCone, Chairman of the Atomic Energy Commission, concerning 
the company’s interest in a proposed 300,000-kilowatt atomic-fueled electric 
generating station. 

Cordially yours, 


HAROLD QUINTON. 


SOUTHERN CALIFORNIA Epison Co., 


Los Angeles, Calif., February 15, 1960. 
Hon. Jonn A. McCone, 


Chairman, Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. McCone: You have heretofore been advised of the two proposals that 
have been made by manufacturers and constructors to the Southern California 
Edison Co. for the research, including extrapolation, design, engineering and con- 
struction of an atomic-fueled electric generating station of an approximate 
capacity of 300,000 kilowatts on this company’s system. It is evident from 
these proposals that very substantial progress has been made in the economics 
of this new electrical art, and this letter will confirm the company’s interest 
in the proposals. 

They have been favorably viewed and considered since their initial receipt. 
Continuous evaluatien studies of the proposals have been in progress, including 
a preliminary and informal discussion with members of the staff of the Com- 
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mission. As I am sure the Commission is aware, the construction of a plant of 
the size contemplated, whether atomic or conventional in type, must be expected 
to operate fairly promptly, after completion of construction, on baseload at full 
sapacity. This is one of the several risks of an initial atomic plant of the 
untried dimensions involved. Our evaluations indicate several other areas of 
economie risk, and it will be the purpose of our continuing efforts to either 
eliminate or reduce these risks to a degree of reasonable prudence. 

You have heretofore offered the assistance and counsel of your staff, and we 
should soon reach a point where further meetings with the staff would be 
helpful. Hopefully, we will be in a position to make a definitive decision, lead- 
ing to an appropriate application to the Commission, within a period of not to 
exceed 6 months. However, we have not as yet determined that the proposed 
plants will be economically feasible on this company’s system, and this letter 
should not be construed as a letter of intent to conclude any definitive arrange- 
ments at this time. 

Very truly yours, 
HAROLD QUINTON. 

Representative Van Zanpr. These two proposed plants would be in 
addition to the one that is already under construction ; is that correct? 

Mr. McCone. That is right. 

Represent itive Van Zanpr. Where is that? 

Mr. McConr. That is at Humboldt Bay in northern California. 

Representative Van Zanpr. What is the name of the utility? 

Mr. McCone. Pacific Gas & Electric Co. 

Mr. Westrianp. May I pursue this $200 per kilowatt a little fur- 
ther? Two hundred dollars does not sound like 7-mill power to me 
unless you are going to amortize the plant in 10 years. It is high 
by about five. 

Mr. McConr. No; it is not. I think I can make a reference here, 
not referring to these projects, but I just happen to have an economic 
study on a project in another area of 330-megawatt plant at $236. 
The cost on a 28-year amortization, and this is not on private financ- 
ing, but this is a publicly owned utility district financing, the capital 
costs will be about 2.5 mills, the fuel costs about 3.5 mills, and the 
operating cost about a half mill. So under that form of ‘apital 
charges it would run about 6.5 mills. 

Now, for a private utility they would have to have substantially 
heavier capital charges so the cost would be considerably higher. 

Chairman Anprrson. Weren't the figures somewhere just above 8 
mills? 

Mr. McCone. I would think that would be a good figure. 

Chairman Anperson. Proceed, Mr. Chairman. 

Mr. McCong. I will start with paragraph 2. 

Senator HickenLoorrer. May I ask just one more question, Mr. 
Chairman ? 

Another interesting point that you made, or that is being made in 
connection with the costs, is the anticipation that nuclear fuel may at 
least stay at approximately the same value or go down in cost in the 
future, whereas conventional fuels give every indication of going up 
in cost, which I think is an interesting observation so far as the eco- 
nomics of the plant over its plant life are concerned. This would en- 
able them to level off the cost over a 20- or 25-year period, or what- 
ever the period may be. I presume that would ‘be an important part 
of the calculation of the cost, that is, the reliance upon nuclear fuels 
not going up in value particularly, but perhaps going down, and 
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conventional fuels giving every indication of increasing. That is an 
observation on my part. 

Mr. McCone. Yes. The reasoning behind that is that the actual 
uranium, or the cost of the uranium, partially enriched as it is, repre- 
sents a very small fraction of the total fuel charge. The balance is 
in the fabrication and in the estimated cost of reprocessing and in 
the burnup charges. As you know, to date there have been so few of 
these plants that the fabrication of the fuel elements has been a hand 
job, really. The anticipation is that when a sufficient number of 
plants come along, fuel elements will be fabricated by production 
methods, and the costs will come down materially. The reduction 
due to mass production would, in the opinion of industry and in our 
opinion, offset any rises due to inflationary pressures. 

Senator HickENLoorer. Thank you. 

Chairman Anperson. Proceed, Mr. Chairman. 

Mr. McConr. In developing the program plans presented in the 
current report, primary attention has been given to the technological 
development required to achieve economically competitive nuclear 
power. Consequently, the development. of prototypes for large cen- 
tral station powerplants figures prominently in the program. 

This should not be construed as indicating a diminution of Com- 
mission interest In, or support of, a small power reactor program 
directed to achieving economically competitive nuclear power in 
plant size below 50 mwe.—electrical megawatts. A number of the 
reactors presently being built or planned “will contribute to attaining 
this objective. 

As more information becomes available and is evaluated concern- 
ing these and other reactors, including military programs, additional 
prototypes of small power reactors will be considered for construc- 
tion. 

Our current program follows the orderly three-phase sequence 
for the development of individual reactor concepts as described to 
this committee in our testimony last year. This sequence, in general, 
contemplates construction, first, of reactor experiments or experi- 
mental reactors, followed by prototypes and then by plants of com- 
mercial proportions. 

It is the opinion of the Commission that the reactor experiments 
should be built and operated by the Commission. Prototypes should 
be built and operated by publicly or privately owned utilities inde- 
pendently or in cooperation with the Commission ; alternatively, pro- 
totypes, in our opinion, could be built and operated by the Commission 
itself. The utility industry should assume the primary responsibility 
for large commercial-size nuclear power stations; however, the Com- 
mission will consider possible assistance on initial plants in various 
concepts useful for demonstration purposes. 

We believe it important that the large plants and, as far as possible, 
the prototypes as well, be integrated into utility power grids in order 
to demonstrate load factors, dependability, and other operating char- 
acteristics which affect the economics of the plants. 

Let me make clear that throughout I am dealing only with the 
plans of the Commission. We have not attempted to forecast what 
projects industry may wish to undertake independently. Based on 
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past experience, I am sure we can reasonably expect substantial par- 
ticipation in these plans. 

I would like to add here that where throughout I mention industry, 
I am referring to both publicly and privately owned industry. 

In the dev elopment, construction, and operation of prototype and 
full-size, power-producing reactors, the Commission will work co- 
operatively with reactor manufacturers and with publicly and pri- 

vately owned utilities. 

Any arrangements whereby the Commission provides significant 
financial support will include provisions to assure that an experimental 
testing program can be carried out with the reactor during its early 
operation. Testing programs will vary with each project. W hen 
power generation is involved, this fact. will be taken into account 
when establishing the testing program. 

We plan a continuing evaluation and reappraisal of our program, 
New ideas and new technologies, including those developed in other 
countries, will be reflected in this continuing evaluation. 

Periodic program reviews will consider carefully the relative merits 
of various lines of development looking toward reduction or elimi- 
nation of some efforts, and initiation of, or increases in others. Should 
information indicate that a concept is not useful in meeting our ob- 
jectives, the concept would be dropped. 


PROGRAM OBJECTIVES 


In previous reports and testimony before the Joint Committee on 
Atomic Energy—February 1959 hearings on the “Development, 
Growth, and State of the Atomic Energy Industry”—the Commission 
set forth the following five objectives for its civilian power program: 

First: Reduce the cost of nuclear power to levels competitive with 
power from fossil fuels in high energy cost areas of this country 
within 10 years. 

Second: Assist friendly nations now having high energy costs to 
achieve competitive levels in about 5 years. This assistance is to be 
extended mainly through clearly defined programs of cooperation. 

Third: Support a continuing long-range program to further reduce 
the cost of nuclear power in order to increase the economic benefits 
and extend these benefits to wider areas. 

Fourth: Maintain the U.S. position of leadership in the technology 
of nuclear power for civilian use. 

Fifth: Develop breeder-type reactors to make full use of the nu- 
clear energy latent in both uranium and thorium, recognizing that 
U** alone may not be sufficiently plentiful to meet our needs over the 
long range. 

The first and third objectives are directly applicable to the develop- 
ment of central station powerplants, and they have been used as the 
principal factors in establishing that part of the program outlined 
herein which deals with these plants. 

The first objective has been further defined as follows: 

(a) The 10-year period is measured from 1958, when the objective 
was first stated. This establishes 1968 as the target date for achiev- 
ing competitive power in high-cost energy areas. 
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(5) It is considered that competitive nuclear power will have been 
whee when utility executives can make a decision to build nuclear 
stations on the basis of economic considerations. 

(c) High-cost energy areas are considered to be those areas where 
fossil fuels presently cost 35 cents per million B.t.u. or higher. Con- 
ventional power costs in these areas are estimated to be about 7 mills 
per kilowatt-hour for a 300-mwe., single-unit, fossil-fuel station using 
fuel costing 35 cents per million B.t.u—200 p.s.i.a., 1,050° initial/ 
1,000° F. reheat, 144 inches of mercury back pressure—based on 
1959 costs levels, no escalation, 80-percent capacity factor, and 14- 
percent fixed charges 

No attempt has been made to assign a quantitative definition to the 
third objective either with regard to time or to the extent of the 

“wider areas.” This objective is the basis for the longer range devel- 
opment program aimed at lowering the cost of nuclear power to a 
point where it is competitive with fossil fuel in ever- increasing area 
of this country. 

The other three objectives are more general in nature. With the 
passage of time and events, conditions relating to two of the objectives 
have changed substantially. 

(a) The second objective relates to the achievement of economic 
nuclear power abroad. When this objective was first stated, it ap- 
peared that it could be achieved first in Western Europe in about 5 
years. In the last 2 years the increased availability of fossil fuels 
and the drop in their shipping costs have brought the timetable of 
achieving economic nuclear power in Europe closer to that of the 
United States. 

(6) The fifth objective recognizes the long-term importance of the 
development of nuclear power systems which can use a major frac- 
tion of the uranium and thorium available. At the present time it is 
not. possible to make an accurate prediction of the time when uranium 
shortages and rising costs associated with such shortages will make 
the more efficient use of source material a vital factor. “However, the 
ultimate importance of conservation of nuclear fuel dictates a long- 
range program to develop the breeding potential inherent in both the 
uranium 238-plutonium and the thorium-uranium 233 fuel cycle. 

There has been no change in the fourth objective. The Commission 
has endeavored and will continue to strive to maintain the United 
States in a position of leadership in atomic energy use for civilian 
purposes. 

Necessary congressional authorization will, of course, be sought 
before proceeding with new projects considered in the following con- 
cept-by-concept review. 

However, before proceeding with this review, I would like to 
describe with the aid of some charts the specific projects composing 
our current reactor program. 

Turning now to the first chart, discussing, first, light-water-cooled 
reactors, there is a relatively high probability that light- water-cooled 
reactors in the reasonably near future can achieve competitive power 
in the high fuel cost areas of the United States where large single 
units are “practical. In addition, water reactors also offer a longer 


range potential for being competitive in many other areas of the 
United States. 
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Over the next 4+ or 5 years, Commission-supported research and de- 
velopment work on water reactors well be aimed primarily at solutions 
of the problems of nuclear superheat, increased fuel life, decreased 
fuel costs, simplified fabrication techniques, fuel management, sim- 
plified and less costly containment methods, and cheaper materials 
and methods of construction. 

A major effort will be made to develop techniques for economically 
utilizing plutonium as a fuel material in water reactors. 

The water-cooled reactor program is described under three cate- 
gories: pressurized water, boiling water, and nuclear superheat. 


PRESSURIZED WATER REACTORS 


The pressurized water reactor concept is technologically well ad- 
vanced, and is the concept with which we have hi: ud the most ex- 
perience. This experience has demonstrated that en water 
reactors are safe, dependable, and reasonably easy to control. Capital 
costs of a 300-mwe. plant. of this type, as quoted ‘recently by the manu- 
facturers on a fixed-price basin, when taken in conjunction with fuel 
guarantees reported to the Commission by utilities and core manu- 
facturers, indicate that the power produced from sucha plant initiated 
now should be competitive over its life in high fuel cost areas of the 
United States where a plant of this size can be used. 

You are familiar with the current pressurized water reactors: 
Yankee, Indian Point,and Shippingport. We will modify Shipping- 
port to raise its power to 150 electrical megawatts equivalent. Yankee 
is scheduled to go critical this year, Indian Point next year. 

A new small “plant was initiated this past vear—the 5-megawatt 
Saxton plant in Pennsylvania. The process heat reactor which we 
are planning to build in California in cooperation with the Depart- 
ment of the Interior—a reactor to be used to turn sea water into 
drinking water—is also of this type. This project, as you will re- 
call, was authorized last year. 

We kave received five proposals in response to our invitation to 
build a pressurized water reactor to demonstrate the economics of 
this system for small powerplants. We will shortly select one of these 
proposals as a basis of negotiation. 

Navy and Army work done through the Commission also assists 
our progress with pressurized water reactors. Indeed, the Navy re- 
quirements fathered this concept. The NS Savannah should make 
contributions, and we will gain from the experience of building and 
operating reactors of this type in other countries—from Selni in 
Italy, and the Mol plant in Belgium, both engineered and constructed 
by American companies. 

Our written submission reviews what we hope to learn from these 
activities. In this testimony, I will place emphasis on our future 
plans. 

Chairman Anperson. Can you give us any further information on 

the Shippingport proposal to raise to 150, 000 electrical megawatts? 
Ts that still pending? Has Duquesne found some basis of agreement 
with the Commission ? 

Mr. McConr. No: they have not found a basis to agree with the 
Commission. It looks like probably the best thing to do at this point 
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isto build a heat sump. We are proceeding with the engineering and 
designing of the core, and we intend to ask for modification in that 
authorization so that the heat sump can be provided. 

[f vou recall, when we met in Albuquerque, you suggested that I 
appoint a committee to examine into the Shippingport project. This 
has been done. 

The report was received yesterday, and a copy was sent over to 
you. I don’t think it has gotten to you personally as yet, but it was 
sent to the committee this morning. 

(See app. 4, p. 629, for report by ad hoc committee to evaluate 
the Shippingport project. Also pipe of pressurized water reactor 
program by AEC. See also, app. 5, p. 641, for additional correspond- 
ence on the Shippingport project. ) 

Chairman ANDERSON. Now, as to the Selni plant in Italy and the 
Mol plant in Belgium, you are not entitled to any information out of 
those experiments; are you? 

Mr. Froserc. If I may answer that, Mr. Chairman, these are not 
under any particular arrangements, Senator, except that in the case 
of the Selni plant, for exami we have a bilateral agreement with 
Italy, one of our conventional bilateral arrangements. 

Chairman Anperson. But it does not touch this plant. 

Mr. FLoserc. This plant is included in the overall framework of the 
civil bilateral, but there is no particular reference to this plant; no. 
This plant, incidentally, is moving along on schedule. Some of the 
fabrication of parts has begun, and the ‘financing has been arranged 
through the Export-Import Bank, and I believe ‘the project is under 
control. 


Chairman Anperson. This chart you have here will be incorporated 
in the record, if you have a chart that we can use. 

Mr. McCone. Yes; we have them here and they will be incor- 
porated in the record. 

(The charts used in the AEC’s presentation follow :) 
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Mr. Ramey. Would the Shippingport plant in any event go up 
to its turbine e: apacity of 100 electrical megawatts ? 

Mr. McConr. No. We plan to keep it at its present level with the 
first core and carry it up to 150 megawatts with the second core. 

Representative Price. Mr. Chairman, I think there should be an- 
other adjustment on the chart. At Indian Point you show 255,000 
megawatts. That is a combination of nuclear power and conventional 
ower. 

Mr. McConr. That is right. It is 151 from the nuclear. 

With reference to the future plans of pressurized water, it is prob- 
able that at least one additional pressurized water prototype will be 
justified by research and development results and operating experi- 
ence. Such a prototype would be designed to demonstrate improved 
technology growing out of development, design, and operation of the 
reactors listed previously. This prototype, if justified by develop- 
ments and analysis, would incorporate improvements in plant design, 
construction, containment, and components which would lead to lower 
power costs. Design of such a plant could be begun in 1962, with con- 
struction starting in 1963 or 1964. 

We feel it would not be wise to proceed with a prototype in the pres- 
surized water until we get the results of these plants that are just 
coming onstream. 

If the development work on the spectral shift—I would like to 
explain, Mr. Chairman, that this spectral shift is not a Notre Dame 
backfield term. It refers to a process in which heavy water is added 
to the light water as a coolant. Initially a high concentration of heavy 
water is used, and then as the fuel burns, the concentration of heavy 
water is reduced in order to decrease the neutron diffusion, which 
increases reactivity and extends the life of the fuel. This is a rela- 
tively new development and one which offers considerable promise. 

If the development work on the special shift variation of pressur ized 
water systems is successful, and the idea still appears promising, con- 
struction of another prototype reactor, possibly 50-100 mwe., to dem- 
onstrate this technology and its economics also would be started in the 
early 1960's, 

As has been discussed before, information submitted to the Commis- 
sion by reactor manufacturers indicates that utility managements may 
be in a position to make decisions now to build large pressurized w ater 
plants in high fuel cost areas in which large plants are practical, basing 
their decision on economic considerations. The construction and oper- 
ation of one or more such plants as a part of utility systems located in 
such areas would play a valuable role in the development of economic 
large central station nuclear powerplants. 

L might, for the record, add that this plant, which has been proposed 
by Westinghouse, involves about $414 million of further research and 
dev elopment. If one of the electrical utilities decides to build such a 
plant at their own cost, I think that we should give serious considera- 
tion to supporting that research and development effort as a justifiable 
expense in advancing the technology. 

The studies which are cur rently ‘being made with respect to the feas- 
ibility of reactor-generated power in remote locations, together with 
the technical information dev eloped in Army and Navy reactor pro- 
grams, may indicate the desirability of initiating in 1962 a small power 
reactor prototype—20 to 30 mwe.—at some installation which would 
offer a test of reliability under varying conditions. 
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BOILING WATER REACTOR PROGRAM 


The technical feasibility of boiling water reactors has been success- 
fully demonstrated by the Borax experiments at the National Reactor 
Testing Station in Idaho, the experimental boiling water reactor at 
Argonne National Laboratory, and the Vallecitos boiling water reac- 
tor in California. Based on currently available information, there is 
overy reason to believe that the large Dresden plant now in its startup 
phase, the Humboldt Bay plant, and the Rural Cooperative Power 
Association Elk River plant, all using boiling water reactors of vary- 


ing size and design, will operate successfully and will furnish valuable 
information. 


Senator Hickennooper. Mr. Chairman 
Cone a question ? 

The plants which you have referred to, could you call those plants 
in any degree economically compet itive ? 

Mr. McConr. No; none of them. 

Senator HrcKkeENLooper. They are very costly. 

Mr. McCone. They are very costly ; yes. 

Senator HickeNnLoorer. Very costly ? 

Mr. McCone. That's right. 

Chairman Anprrson. Would you say that of the Dresden plant? 

Mr. McConr. Yes. 

Chairman Anperson. Very costly. 
had hoped to get. 

Mr. McConr. 


ret. 


, may I ask Chairman Me- 


It is within a mill of what they 


I think they are getting exactly what they hoped i. 
If you will recall—I believe I am correct—that the first $3 
million of the cost was to be put up by the Commonwealth E fison, 
and that with the fuel cost would result in something on the order of 
s-mill power. But there was another $15 million on top of that that 
Was put up by the syndicate and that was written off for research and 
development. There is a possibility that GE put some in. If you 
put all of that into Dresden, you would get to a plant in which ‘the 
power to amortize the total cost would be quite expensive. 

Senator HlickeN Looper. You can make any of these plants com- 
petitive if you just took a paper and pencil and drew a line through a 
lot of the cost that went into it and just disregarded it in the 
accounting. 

Mr. McCone. Yes. The encouraging part of this discouraging 
business is the fact that we are getting to a point where we are getting 
in the ball park at least ‘with boiling and pressurized water. The 
decrease in the plant cost has been quite dramatic. 


Senator HickENLoorer. I don't dispute that. 


. I think we are mak- 
ing progress. 


There was a lot of propaganda put out a few years 
ago that these plants were going to be very dependable. 

Mr. McCone. Yes; I know there has been quite a lot of propaganda 
and there have been some great disappointments. I would be less 
than frank with you if I did not s say that what gives me confidence in 
the current situation is the fact that major corporations in the busi- 
ness will sign on the dotted line on a guaranteed plant cost and a 
guaranteed ‘fuel burnup, and this insures the cost of the power. 

Senator Hicken.Loorer. That is on the newer plants. 

Mr. McCone. On the newer plants; yes. 

Chairman Anperson. I was just going to say the prop aganda was 
not all on one side. I remember Mr, Oakes’ testimony in 1955, and I 
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would be glad to read it. He wanted to build a plant and didn’t want 
« dollar's worth of help from ns Federal Government of any kind. 
He was ready to go right now. I don’t believe that plant has yet been 
constructed. 

Senator Hicken Looper. I was not insinuating it was Government 
propaganda. I just said there was propaganda generally put out 
several years ago that these plants were going to be economically 
sound. A lot of people didn’t believe that the vy would. 

Chairman Anperrson. I only feel this way about the Dresden plant : 
I was very happy with Willis Gale and his company in going ahead 
with it. It was a brave venture and it may not be extremely com- 
petitive in the beginning, but I think it is going to lead to something 
that is competitive, and I am very happy that the plant was built even 
if it costs a mill more than they pay for conventional power and 
possibly 2 mills. 

I still think they did a fine job. 

Mr. McConr. I think they went into that with their eyes open. I 
think they made a great contribution. I think had they not done what 
they did, had other companies and the Government not done what was 
done, we would not see the progress we see today. 

Representative Price. When does it appear now that the Dresden 
plant will be in operation ? 

Mr. McCone. The contract between the Commonwealth Edison and 
General Electric calls for the plant to be in oper ation, fully tested, 
and demonstrating its full capacity, on or before December 4, 1960. 

Representative Price. When it goes into full operation at the an- 
ticipated 180,000 kilowatts, then it will be the world’s largest single 
reactor producing electrical energy; is that correct? I mean sing 
reactor. 

Chairman Anperson. I think we ought to explain: Mr. Price is 
from Illinois and he is trying to get a small plug as to where the 
largest one is going to be. 

Mr. McConr. I think that istrue. I hesitated—— 

Representative Price. There are other nuclear powerplants that 
produce more electricity, but they have two or three or four reactors. 

Mr. McCone. The large British plants have several units. I don't 
know any one unit gets up to 180 megawatts. 

Representative Price. I at least don’t recall any. There has been 
no testimony before our committee that there is a single reactor in 
existence today that. produces 180,000 kilowatts electrical energy. 

Mr. McConr. I think that istrue. I would have to check these more 
recent British plants, although it is true that this plant is, or will 
soon be, in operation, and the others are in construction. 

Representative Price. Most of the estimates we have had from 
British has been on the total power station. 

Mr. McCone. That is right. 

Relicaanbativs Price. Sometimes there are two and three and four 
reactors. 

Mr. McConet. Yes. 

We are modifying the EBWR to raise its thermal power to 100 
megawatts—five times its design capacity. The Elk River small power 
reactor is scheduled for criticality this year. Dresden went critical 
last October. They have run into some problems, but still expect. to 
reach full power this year. I might say that the problems have 
been satisfactorily answered. At least we feel so at the present time. 
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The General Electric Vallecitos plant, which contributed to Dres- 
den, is being modified; Pacific Gas & Electric’s Humboldt Bay plant 
is scheduled to go critical in 1962. We are negotiating with Con- 
sumers Power Co. on the high-density core 50-megawatt plant it has 
planned for Michigan. We ‘have issued invitations for proposals on 
& simplified 50-megawatt prototype and hope to start construction 
this year or early next. This reactor will incorporate in its design 
such features as improved control methods, simplified containment, 
and in were output of power per unit of waterflow. Primarily : 
prototype for large reactors, this project will develop engineering 
improvements applicable, in general, to small reactors. Also, we 
will gain knowledge and experience from the Senn plant in Italy. 


FUTURE PLANS 


Aside from developments involving nuclear superheat which are 
described elsewhere in this report, most of the currently foreseen 
developments in boiling water technology probably will be demon- 
strated with these reactors. When operating experience is available 
from these reactors in 1963 or 1964, it will be possible to determine 
what, if any, additional experimental or prototype reactors are needed 
to achieve competitive power in large boiling water reactors. Until 
such a determination is epee no further construction of large boiling 
water experimental or prototype reactors is contemplated by the 
Commission. 

In the small reactor field, results from Elk River, Humboldt Bay, 
and the simplified reactor project discussed earlier may indicate in 
1963 or 1964 the need to initiate construction of a small—20-30 
mwe.— prototype. 

As in the case of pressur ized water reactors, we have been advised 
by a manufacturer that a 300-mwe. boiling water plant can be built 
now on a fixed-price basis, with certain fuel cost guarantees, which 
may produce power competitive with conventional power over the 
life of the plant in certain high-cost fuel areas of the United States. 
It is the Commission's opinion that the construction of one or more 
boiling water plants by utility companies in high-cost areas where 
plants of this size may be practical would make a signific ant contribu- 
tion to the development of economic power. 

Chairman Anperson. Mr. Chairman, I am happy to have that ob- 
servation. You may recall on November 9 last year I sent you a letter 
in suggesting that in developing the committee’s proposals, the role 
of large-scale prototypes for commercial-size plants should be care- 
fully considered. 

We found that it is somewhat difficult to write a formula for taking 
a share of the construction costs. It gets into a lot of complications 
that makes it hard to write legislation. 

Therefore, your suggestion a while ago that there might be some 
research and development appeals at least to me, and I hope it appeals 
to other members of the committee. 

I do hope that there is a continuing pushing on your part which 
I know has existed to try to get some of these large prototype and 
commercial sized plants constructed so we can learn from them. 

I am very happy to have this statement in the report. 
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(Correspondence relating to the AEC’s proposed civilian atomic 
power program follows:) 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C., November 9, 1959. 
Mr. Joun A. McCONE, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 

DEAR Mr. MeCone: This will acknowledge your recent letter informing the 
Joint Committee of the appointment of an ad hoc committee, similar to last year’s 
committee, to consider the Commission's proposed civilian atomic power program. 
Copies of parts I and II of the Commission’s Atomic Power Program Study— 
the so-called 10-year program—have also been received by the committee staff. 
It is recognized that parts I and IL are preliminary at this time. 

As you know, the Joint Committee has for many years been in favor of the 
Commission undertaking long-term plans and programs for the civilian atomic 
power program. In this letter 1 would like to bring to your attention certain 
points which the committee has considered of importance. I believe it is impor- 
tant that the Commission and its staff and the ad hoe committee consider these 
points during the formulation of its program, rather than after policies and 
projects are completely crystalized : 

(1) I believe it desirable that previous proposed programs be carefully con- 
sidered, particularly the Joint Committee staff study and the Edison Institute 
Task Force Report. 

(2) In developing the Commission’s proposals, the role of large-scale proto- 
types and commercial-size plants should be carefully considered. As you will 
recall, last year smaller prototypes were emphasized. We are pleased to note 
that part II of your study does apparently consider larger scale plants as a part 
of the program. 

(3) Careful consideration should be given to the level of support to be given 
to a 10-year program by the Government. We are pleased to note that part II 
of your study does give total cost estimates for the program, which is a start in wh 
this direction. You will recall that both the Joint Committee staff study and the 
Commission’s ad hoc committee of last year emphasized that increased financial } 
support for the civilian atomic power program was necessary. - 

(4) Careful consideration must also be given to the proposed schedule of the im 
program. This schedule projected in part II of the study was acknowledged by a tug 
Commission official to be susceptible to being moved up if considered necessary. der 

(5) In considering the cost of the program and the need for moving ahead, | me) 
care must be taken not to cut out promising approaches for atomic power devel- ind 
opment for budgetary reasons. In other words, the selection of projects for cur- | | 
tailment or discontinuance must be primarily on technical grounds. It would be mar 
unfortunate at this very early stage of atomic power technology if a particular | Sep: 
concept were dropped because of the vagaries of the Government’s budget } our 
situation. ( 

(6) The relative role and forms of non-Federal and Federal financial support 
for the program should be considered. As you will recall, the subject of con- | “TU 
struction grants discussed during fiscal year 1960 authorization hearings was } Yec¢ 
deferred pending further study. I suggest that this form of assistance be con- } iti) 
sidered and developed more fully along with Government construction and other 
forms of assistance in the nuclear power program. 

I hope that before the Commission crystauizes its program, it will be possible erhe 
for the Commission or its staff to informally discuss the general program level | Vest 
and schedule with Joint Committee members or staff. 

Sincerely yours, 


tor 


stea 


CLINTON P. ANDERSON, Chairman. 


U.S. Atomic ENERGY CoMMISSION, 
Washington, D.C., December 1, 1959. 

Hon. CLINTON P. ANDERSON, 

Chairman, Joint Committee on Atomic Energy, 

Congress of the United States. 

Dear Crrnt: Thank you for your letter of November 9, 1959, suggesting cer- |, 

tain points for consideration during the formulation of our civilian atomic - 

nh { 
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power program. I can assure you that your comments are being given very 
careful consideration. 

I believe that the basic objectives and philosophy of the civilian nuclear 
power program are well established as the result of discussions during the past 
year or 2, and that only refinements of interpretation are likely to be necessary. 
In view of this, our recent efforts have been directed primarily at technical 
evaluations and analysis of economic potentials of various reactor systems 
as they may develop in the foreseeable future. No arbitrary levels of financial 
support from the Government are being imposed, rather we are trying to plan 
a logical technical development program which will offer high probability of 
achieving program objectives and we are trying to estimate the cost of carrying 
out that program. It is, of course, impossible to guarantee that results of re- 
search and development will be as expected. Therefore one cannot guarantee 
that any particular program involving extensive research and development will 
achieve its objectives. 


The planning naturally is being carried out with full recognition of the need 
to be selective in the lines of development to be pursued and the prototype 
reactors to be built in order to avoid unnecessary expenses or expenses of ques- 
tionable value under the current technological situation. 

Certainly we will be pleased to exchange views with the Joint Committee 
members or staff as our own thoughts develop. I understand that a preliminary 
meeting between representatives of our respective staffs has been scheduled for 
December 3, 1959. 

Sincerely yours, 
(S) Jonn, Chairman. 

Mr. McConr. Thank you. 

Turning to nuclear superheat, nuclear superheat can be applied to 
both direct and indirect cycle boiling water reactors, and to indirect- 
cycle pressurized water reactors. In direct-cycle boiling water reac- 
tors, nuclear superheat may be ‘integral, In indirect-cycle reactors, 
whether boiling or pressurized, what is essentially a separate steam- 
cooled reactor would be required to obtain nuclear superheat. 

Nuclear superheat would make possible production of steam at tem- 
peratures and pressures used in modern conventional powerplants at 
high efficiency. Development work and design studies have been un- 
derway for some time, concentrating chiefly on the superheat fuel ele- 
ment. Data from these programs are applicable to both direct- and 
indirect-cycle reactors. Design studies and evaluations have been 
made on integral superheat systems, and soon will be initiated on 
separate superheat systems. 1 will go into a little more detail about 
our current work on superheat. 

(a) The fifth boiling reactor experiment—Borax 5—is under con- 
struction at the National Reactor Testing Station and is scheduled to 
become critical in March of 1961. The reactor will be operated in- 
iially with a limited number of test channels producing superheated 
team and will be converted gradually into an integral nuclear sup- 
heat reactor. Flexibility designed into the system will permit in- 

vestigations of nuclear stability problems associated with various 
fuel and coolant arrangements. 

(6) The Northern States Power 62-mwe. plant near Sioux Falls, 
S. Dak. ., is under construction and is scheduled for criticality in 1962. 
This reactor will provide test and operating data on a high-density, 
integral nuclear superheat core. De “velopment work leading to redue- 
tion in the enrichment of fuel in the superheat section of the core will 
‘ontinue. 

(ce) A contract has been signed with the Puerto Rico Water 
Resources Authority for construction of a 16-mwe. boiling nuclear 
wperheat reactor—bonus. This reactor will provide information 
hn the practicality of an integral nuclear superheat design for smal] 














24 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


reactors, and will assist in the evaluation of nuclear superheat in large 
plants. The target date for criticality is early 1963. 

This, Mr. Chairman, is the plant that was studied by Dr. Zinn’s 
organization. If you will recall, 1 told you at our hearings last year 
that his report was due in October or November. It was submitted on 
time. The study found the project offered a very great deal of 
interest, so we proceeded promptly with a direct negotiation with the 
Puerto Rican Water Board and some of the problems that concerned 
us, and I know the problems were satisfactorily ironed out by negotia- 
tion. Ithinkthis is a good project to have underway. 

Chairman ANperson. May I say, Mr. Chairman, I know there are 
some members of the committee—and I am one of them—that are v7 
happy that this arrangement went through. Doctor Zinn had : 
chance to work out his theory and complete. his work, and I am very 
happy that it is underway. ‘T think it is likely to be very significant 
in its results. 

Mr. McConr. If the technical and economic information obtained 
from these projects confirms the prediction that nuclear superheat 
can substantially lower power costs in boiling water reactors, a 100- 
mwe. prototype would probably be required to exploit the full poten- 
tial of the system. Such a prototype, if justified, probably would be 
initiated in 1963. 

If the program outlined above is followed and it proves successful, it 
is anticipated that by 1968-69 sufficient technical and economic infor- 
mation will be available to permit utilities in certain areas of the coun- 
try to decide on economic grounds, to construct a large—300 mwe.— 
integral superheat plant. 


ORGANIC COOLED REACTOR PROGRAM 


There is relatively high probability that organic cooled reactors can 
achieve competitive power in high fuel cost areas of the United States 
by the middle 1960's and in the longer range over many other areas. 
Because of the encouraging experience in operation of the organic- 
moderated reactor exper riment and in other research and development 
work already done, because of the relative simplicity of the system, 


and because of the direct applicability of much of the technology | 
developed in water reactor programs, it is believed that this concept | 
can achieve its early potential with less research and development and | 
construction of experimental and prototype plants than are required 


for other reactor concepts. 

Organic-cooled reactors operate at higher temperatures and lower 
pressures than water reactors, and have no major corrosion problems. 
These characteristics make for low capital cost plants. However, 
high costs for replacing decomposed coolant are an economic dis- 
advantage. Organic coolants also have poor heat transfer character- 
istics and require fuel elements with extended surfaces and high 
conductivity cladding. Since a longer lived fuel must be developed, 
research and development work at present is primarily on aluminium: 
aluminum oxide claddings for uranium oxide and uranium alloy fuel 
materials. Research and dev elopment work also is directed toward 
lower organic makeup costs and improving organic fluid flow and 
heat transfer characteristics. 

In the longer range, the research and development program will be 
directed toward utilizing plutonium as a fuel in organic reactors. 


| 
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I would lik: to say, Mr. Chairman, that these problems of perfect- 
ing the fuel element of the organic-moderated reactor and also im- 
proving the qualities of the organic coolant itself are not simple 
problems. While we have great hope that the research going on now 
will demonstrate that fuel elements can be developed which will be 
dependable, the future of this concept depends on the success of this 
research and development work which is now being carried on. 

Our development work for organic-cooled reactors includes two 
experimental reactors and two prototypes. We will use the organic- 
moderated experiment for further tests, and hope to start building 
this vear the larger and more flexible experimental organic-cooled 
reactor. It is scheduled to go critical in 1963. 

The plant we are building in cooperation with the city of Piqua, 
Ohio, is important as a prototype for small power installations. 
Criticality is scheduled for next year. Invitations are out for pro- 
posals to build a 50- to 100-electrical megawatt plant to go critical 
in 1964. Proposals are due in by next April 2. This reactor is pri- 
marily a prototype for large-scale power reactors, but the basic fuel 
elements information it develops will be important for process heat 
and small power reactors. 

Here again much of the advantages of this particular prototype are 
depeydent upon the success of the research and development of the 
fuel element. I feel that unless we have a breakthrough and unless 
the optimism of those who are carrying on the work is met, it may be 
that this subject will have to be held up for a little while because it 
will be unwise to proceed with it unless we can get a proper fuel 
element. 

Assuming success in operation of the 50-100-mwe. prototype and 
in other research and development, it is anticipated that by 1965 or 
1966 sufficient information will be available to permit a utility to 
decide, on economic grounds, to construct a 300-mwe. organic-cooled 
reactor in a high fuel cost area and later in wider areas. 

In the middle 1960’s, continuing research and development, if suc- 
cessful, should indicate further improvements possible in organic- 
cooled reactors. A 50-100-mwe. prototype may be justified to demon- 
strate these features. 

Turning now to the sodium-cooled reactors: Sodium-cooled reactors 
appear to have a high potential for achieving competitive power in 
large areas of the United States in the late 1960’s or early 1970's. 

Sodium has many attractive features as a reactor coolant. It is 
liquid at relatively low temperatures, has a very high boiling point, 
reasonably low neutron absorption cross section, and excellent heat 
transfer and heat transport qualities. These characteristics make 
possible very high steam cycle efficiencies. Because of the negligible 
pressure required for sodium systems, very large sized (500 mwe. 
and larger) reactors are practical. This is an advantage since unit 
power costs generally decline with increased plant size. The Experi- 
mental Breeder Reactor No. 1, the sodium reactor experiment, and 
the submarine Seawolf and its prototype reactor have demonstrated 
that sodium-cooled reactors can be operated safely. However, there 
still are problems with fuel elements and components which must be 
solved before these systems can achieve their full potential. 

Since liquid sodium is not in itself a moderator, systems which use 
this material as a coolant can operate over a wide neutron energy 
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spectrum, depending upon the presence and characteristics of mod- 
erating material. In fast and possibly in epithermal systems, sodium- 
cooled reactors are capable of breeding. Sodium-cooled reactor sys- 
tems can operate with uranium 238- plutonium fuel systems or with 
thorium-uranium 233 systems. 

The Commission’s program for sodium-cooled reactors is ee 
below under two headings—fast reactors and thermal reactors 


SODIUM-COOLED FAST REACTORS 


Most of the technical and economic advantages which are inherent 
in the use of sodium as a reactor coolant apply to fast systems. They 
have an additional advantage in their ability to achieve high conver- 
sion ratios or to breed. 

The research and development program for fast or epithermal 
liquid metal-cooled reactor systems is long range in nature and | 
expected to yield significant results in the Jate 1960's. In its initial 
stages, it will concentrate on the development of a satisfactory, long- 
life, high-burnup fuel material; on the utilization of plutonium and 
uranium 233 as fuels and of uranium and thorium as fertile materials; 
on the development of reliable and less expensive sodium components; 
and on the development of efficient and rapid fuel recycle methods. 

To help accomplish these objectives, two prototype reactors are 
under construction, both scheduled to go critical this year: The Gov- 
ernment’s second experimental breeder reactor and the Enrico Fermi 
atomic powerplant. We are continuing to operate the first experi- 
mental breeder, and the next step is to install a plutonium cermet core. 
Aircraft experiments are expected to make useful contributions 
through their work with a number of liquid metal-cooled units. In- 
formation on British and French fast reactors will supplement our 
own efforts. 

Chairman Anperson. Mr. Ramey has a question. 

Mr. Ramey. Does not the success of your fast breeder work depend 
upon the development of this cermet type of fuel element, and is that 
not in its veritable infancy, you might say, of development ¢ 

Dr. Prrrman. I think the use of the word “success” is going probably 
a little too far, Mr. Ramey. I think what we would say is that the 
economic potential of the fast breeder systems cannot be developed 
unless we develop a fuel element capable of a much longer life. This 
seems to be the cermet element. The development of this element is in 
its infancy, as you indicate, but there is every reason to believe that we 
can develop an adequate cermet element. 

Mr. Ramey. In comparing this approach with your sodium graphite 
type, or even other concepts, just offhand it seems that the fast t breeder 
is as difficult as some of the others. 

Dr. Prrrman. The achievement of the economic potential of the 
sodium thermal system is also dependent upon the development of a 
much better fuel element than the ones we have now, such an element 
as uranium carbide or possibly the cermet developments. And the 
development of either the fast system or the thermal system would 
be equally applicable to either. 

Mr. McConr. Regarding the future of the fast reactor, a 100-mwe. 
prototype sodium-cooled fast or epithermal reactor will be constructed 
if the results from existing or planned reactors provide a basis for 
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improved design. Two years of operating experience on these plants 
should be available before starting the new prototype. Detailed de- 
sign and construction could start in 1963 or 1964. The primary pur- 
pose of this reactor will be to incorporate the improvements in design 
arising out of the operation of prior plants, and to demonstrate a 
plutonium-fueled core optimized for lowest power costs. 

With the successful completion and operation of the above prototype 
and data from other plants, it is believed that, by the late 1960s, 
enough information will be available to permit utilities to decide, 


on economic grounds, to construct large sodium-cooled fast breeder 
plants Immany areas. 


SODIUM-COOLED THERMAL REACTORS 


Sodium-cooled thermal reactors have the potential of achieving 
economic power in high fuel cost areas of the United States. These 
reactors can be operated at high temperatures and low pressures. 
However, to obtain full benefit from these characteristics, a greatly 
improved fuel element must be developed: one capable of long life 
in the high-temperature environment. For this reason it is unlikely 
that this potential can be achieved at an early date. 

Sodium-cooled fast reactors offer most of the advantages of the 
sodium-cooled thermal systems. In addition, they offer the possi- 
bility of lower fuel costs through breeding. Consequently, work on 
thermal, sodium-cooled reactors would not be expanded until we ean 
evaluate operating results from the 75-electrical-megawatt Hallam 
reactor which is scheduled for criticality in 1962. Operation of the 
sodium reactor experiment will support this concept. Research and 
development for sodium-cooled thermal systems will concentrate on 
uranium carbide fuel development and on major improvements in the 
design, efliciency, and performance of the sodium components. In 
carrying out this program, full consideration will be given to the 
points of similarity between thermal and fast systems, and the work 
will be directed in such a way as to achieve maximum benefit to both. 


FUTURE PLANS 


If evaluation of Hallam operation shows a more favorable potential 
than had been foreseen for this concept—and that would be dependent 
upon the development of an improved fuel element—consideration 
will be given to constructing experimental or prototype plants to 
develop improvements. Additional facilities will not be considered, 
however, until operating experience is available and therefore would 
not. be initiated before 1963 or 1964. 

In summary, Mr. Chairman, in this sodium field, we are building 
the Hallam plant with a thermal cycle, and that will be completed 
in 1962. There is the fast breeder No. 2 and the Fermi plant which 
will be completed at the end of this year. We have to look forward 
to results from those plants before we make our decision as to what 
further steps to take. The minute that we can get results from the 
operations, I think we could safely move forward in additional plants 
to demonstrate advanced technology. These plants are considerably 


behind the pressurized and boiling water plants which I mentioned 
li m 
earlier. 
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ENRICHED URANIUM GAS-COOLED REACTOR PROGRAM 


Enriched uranium gas-cooled reactors have the potential of pro- 
ducing superheated steam of the quality currently in use in large 
conventional central station powerplants with the resulting high effi- 
ciency. Gas-cooled reactors can operate at low pressure and therefore 
can be built in very large sizes. 

The Commission has two approaches to the gas-cooled reactors 
program, exemplified by the 22.3 mwe. net (or 25 mwe. gross) Experi- 
mental Gas-Cooled Reactor (i GCR) being built at Oak Ridge and 
scheduled for criticality in 1962 and the Philadelphia Electric Co.’s 
High Temperature Gas-Cooled Reactor (HTGR), scheduled for crit- 
icality in 1963—a 40-mwe. plant ; 28.5 mwe. with metal-clad fuel. The 
HTGR will use gr aphite- a ad fuel consisting of fully enriched urani- 
um carbide and thorium carbide dispersed in graphite. The EGCR, 
the Oak Ridge plant, will utilize stainless-steel-clad, slightly enriched 
uranium dioxide fuel. In both reactors, heat is removed from the 
fuel by a helium coolant and transmitted to a heat exchanger where 
steam is formed to drive the turbine. The graphite-clad system shows 
greater economic potential than the metal-clad system, but presents 
more difficult development problems. 

Representative Hosmer. I was just wondering: This 28.5 mwe. in 
the high-temperature reactor—is that a heterogeneous core? Is it the 
initial small-sized core ¢ 

Mr. McCone. No; it is the metal clad. 

Representative Hosmer. Of a smaller size, the initial core ? 

Mr. McConer. The initial core, the first core, will be metal clad. 

Representative Hosmer. They still plan to make that metal-clad 
core ¢ 

Mr. McCone. They still plan to make the metal-clad core. 

Chairman Anperson. And the other would be the second / 

Mr. McConer. The homogeneous core; yes. 

Chairman AnpEeRson. Now, you refer to gas-cooled reactor as exper- 
imental. And in the law we kept referring to the prototype. There 
was some suggestion that the prototype be dropped. You have not 
given the prototype up; have you? 

Mr. McConr. No; we have not. As you know, we are putting in 

i full-size 25-megawatt generator, which we had at Oak Ridge, on 
that plant, and it will generate power, which we will consume. So 
it will be a prototype, inasmuch as it will feed power into our Oak 
Ridge grid. 

Chairman Anperson. I think many of us are glad to see the two 
approaches go ahead. If the Oak Ridge one works, fine. If the other 
one works, we are probably many steps ahead of certain other areas 
of the earth, and it will be a very fine thing. 

Mr. McConz. Well, there has been a great deal of discussion be- 
tween the engineers as to which of these two offers the greatest poten- 
tial. I do not think this horserace is settled by any manner of means. 

Chairman Anperson. That is why I am glad we are building them 
both. We may find the thing we did not think would be the better 
one will prove to be the better one. It is a good thing that we are 
building them both. 
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Mr. McConr. Present and immediately foreseeable research and 
development is concerned primarily with design and construction of 
the EGCR and HTGR. Their construction and operation will make 
possible a more comprehensive evaluation of the potential of the gas- 
cooled reactor system. The program also will include investigations 
of fuel and cladding materials suitable for high burnup at fuel sur- 
face temperatures of 1,700° F. and higher and of alternate coolants. 
A number of military reactors—aircraft and Army projects—will 
continue to contribute to the gas-cooled program, and development 
work on other reactors for special purposes, such as maritime propul- 
sion, will provide important information. We are receiving much 
assistance through our cooperative work with the United Kingdom. 

In this connection, we have worked out two exchange agreements 
with the United Kingdom in these two areas, and w hile all of the de- 
tails have not been finally settled, it looks like they will be much 
broader than the ones we discussed last year. 

Chairman Awnperson. Actually, Mr. Chairman, the Turret project 
will also contribute to this, will it not ? 

Mr. McConr. Yes, indeed. 

Chairman ANnperson. You discuss that later on, but it is of value 
in this program. 

Mr. McCone. Yes; that is right. 


Based upon the successful operation of the EGCR and the HTGR, 
a prototype to demonstrate advanced features will be initiated. An 
evaluation will determine the choice between the EGCR and the 
HTGR approaches. 

Or it might be, I might add, that both approaches might prove 
sound. 


It is expected that such a 100-mwe. prototype could be initiated in 
the middle 1969's. 

It is believed that after operating experience is gained from the 
programed reactors, sufficient information will be available to permit 
utilities to decide, on economic grounds, to construct in high fuel cost 
areas a 300- to 500-mwe. gas-cooled reactor 1 using enriched fuel. 

Now, Mr. Chairman, I w wold hike to turn to t 
program. 

Heavy-water-moderated natural uranium fueled reactors have a 
number of advantages. They eliminate dependence upon diffusion 
plants in the fuel cycle. They have high neutron economy. They 
require relatively small quantities of uranium ore per unit of power 
produced. On the other hand, these reactors are physically large 
with consequent high capital costs. The reactivity lifetime of the 


natural uranium fuel is more limited than that of enriched uranium 
fuel 





he heavy water reactor 


Several heavy-water-moderated reactors, are planned or are under 
construction in the United States. They include prototypes using 
enriched fuel at this stage, but capable in larger sizes of operation 
on natural uranium. Also, the Canadians are pl: inning construction 
of both a 20-mwe. prototype, known as the Nuclear Power Demon- 
stration Plant, or NPD, and a 200-mwe. natural uranium heavy- 
water-moderated plant, the Candu. These plants are scheduled for 
criticality in 1961 and 1964, respectively. 


Negotiations are cur rently 
underway with the ¢ 


Canadians looking tow ard an expanded program 
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for close cooperation in the development of heavy water reactors. 
Cooperation under this agreement will be mutually ‘beneficial and, in 
addition, ‘will serve to assist the Commission and U.S. industry i 
determining the future role of heavy water reactors in this na Aes 

I would like to add that under this agreement now being nego- 
tiated, we would support the Canadian effort by experimental re- 
search and development work performed in our own facilities, and 
we would also cooperate in all phases of engineering and develop- 
ment. The agreement would provide that we would obtain for use 
by the Commission, or by its contractors, all engineer ing information 
and detailed plant designs and all drawings and all rights to develop- 
ments and patents as would acerue to us if we proceeded with the 
construction of a plant in the United States. 

This agreement will be placed before your committee as soon as 
the details are finally worked out with the Canadians. We have 
substantial agreement with them now. 

Senator Hickentoorer. Mr. Chairman, may I ask Mr. McCone a 
question at this point? 

With this Canadian construction going on with our cooperation, 
it would seem to me that it would eliminate all necessity for us to 
build a plant of our own in the United States along this line. Would 
you say that that is true, or partly true ¢ 

Mr. McCone. It would eliminate the necessity of us initiating a 
plant at the present time. We would proceed to complete the con- 
struction of the plants which are now in our program and would 
utilize them and the developmental work and research work, which 
will be our contribution to the large plant built by the Canadians. 
We would not feel it would be necessary to initiate a large plant 
ourselves. 

Senator Hickentoorrr. In other words, we can learn everything 
from the Canadian plant with this cooperative agreement that we 
could ae from our own. 

Mr. McConr. We think so. There will be some costs to us for this 
research and development work. 

Senator Hicken Looper. I understand. 

Mr. McConr. And authority will be sought from your committee 
for us toengage in that work. 

Senator HickeNvoorer. Thank you. 

Representative Hosmer. What is the order of magnitude of that 
cost, 1f you have an idea ? 

Mr. McCone. Oh, it is in the order of $5 to $8 million of direct costs, 
which would be a direct contribution to the Canadian project, in ad- 
dition to a considerable amount of research that we carry on in this 
field. 

Representative Hosmer. You mean direct cost in money and not cost 
of work in our laboratories ? 

Mr. McConr. No, no. This would be direct cost of work in our 
laboratories, which would be done specifically in support of that 
project. 

Representative Hosmer. Over what period of time ? 

Mr. McCone. Over a 4-year period of time. 

Chairman Anperson. And, in addition, you do some ordinary re- 
search work that may be applicable? 
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Mr. McConnr. Oh, yes. 

Chairman ANnpberson. This would be directly tied in ? 

Mr. McConr. Yes; it would be directly tied in. This would be of 
the nature of the type of research work that is done in support of a 
third-round program, similar to that, and for that reason it is some- 
thing that we would have to discuss with you and secure your special 
authorization for. 

rhe U.S. research and development program will be directed toward 
those problems which are critical to the evaluation of heavy-water- 
moderated systems. To the fullest extent possible, it will use perti- 
nent information being developed in other programs and in other 
countries. ‘The critical problems are those associated with reactivity 
limitations on fuel lifetime (including fuel management techniques for 
extending these limits), minimizing loss of heavy water, and tech- 
niques for fabricating components of pressure tube or pressure tank 
systems. One difficult design objective is to obtain the high coolant 
temperature needed for high thermal efficiency while maintaining the 
cool moderator necessary for long fuel-reactivity lifetime. The re- 
search and development program and cooperation with other countries 
will be planned so that the combined results will provide a sound basis 
for evaluation of this class of reactors, including designs which use 
coolants other than heavy water (e.g., organic and gas). 

The four projects in this country all using enriched fuel include 
the heavy water components test reactor scheduled for criticality in 
1961 at the Savannah River plant. Research and development on a 
cooperative basis in support of the 50-mwe. reactor of the East Cen- 
tral and Florida West Coast Nuclear Groups will continue, looking 
toward an early ev section of the project. 

It is expected that a decision will be made on this project this fall. 

You will recall, Mr. Chairman, that the arrangement made with 
this particular power group is that if the research and development 
work which is being carried on jointly now by the company and the 
Commission shows certain unfavorable results, then the utility is not 
obligated to proceed. We hope that the final reports will be in in the 
relatively near future and we can reach a decision on this. 

If built, the reactor is scheduled for completion in 1963. A heavy- 
water moderated and cooled pressure tube reactor of 17-mwe. capacity 
is being designed and is scheduled for criticality in 1962 in accord- 
ance with a contract between the Commission and the Carolinas- 
bs irginia Nuclear Power Associates, Inc. The plutonium recycle test 

eactor, scheduled for criticality in 1960, uses heavy water as a cool- 
ant and moderator, and incorporates a pressure tube design. It is 
an important source of additional information and technology. 


FUTURE PLANS 


When operating and cost data are available from the United States 
and Canadian heavy water reactors, there should be sufficient infor- 
mation to determine whether or not construction of a large heavy 
water reactor is economically justified in high fuel cost areas of 


this country. We believe such an evaluation can be made by 1966 or 
1967. 
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The aqueous homogeneous reactor offers many advantages for pro- 
duction of power since it operates with a solution fuel, incorporates 
continuous fission product removal, and is largely self-regulating due 
to its large negative temperature coefficient. It further offers the 
possibility of breeding when operated on a thorium-uranium 233 
fuel cycle. Major technical problems are associated with the corrosive 
nature of the fuel, stability of the fuel solution under irradiation, the 
maintenance problem associated with the radioactive primary loop, 
and the limited operating temperatures with the attendant low steam 
cycle efficiencies. 

It is still too early to determine whether the simplicity of the fuel 
eycle and potential breeding will be more than offset. by technical 
complexities and temperature limitations. Because of the special ad- 
vantages, research and development will be continued on the technical 
problems on a long-range basis. 

Chairman ANperson. Mr. Chairman, you had another little inci- 
dent down there and developed a second hole in that. Does that 
change your plans in any way ¢ 

Mr. McConr. No; it does not. We have not evaluated that. We 
have had under discussion for several weeks the question of proceed- 
ing with another reactor experiment, somewhat larger. A very strong 
appeal has been made by Dr. Weinberg. However, the Commission 
has felt, even before this incident, that we should have a little further 
operating experience with the reactor experiment we have before we 
proceed with the larger one as recommended. 

Chairman Anprerson. Could you tell us what happened on that ? 

Mr. McCone. I would like Dr. Pittman to answer that. 

Dr. Prrrman. I may have to turn to people who have a little more 
information on it, but in essence I believe what happened was another 
case of instability of the fuel, in which the fuel deposited out similar 
to the way it did last year, causing an increase in the temperature, 
which caused a melt. And I think it is just another case of the fact 
that we have to learn a terrific amount about the stability of these 
uranium fuels before we can go ahead and plan to build larger re- 
actors. 

Chairman ANnpErson. But this has happened twice, now. 

Dr. Prrrman. It has happened twice. I would like to ask Mr. 
Stabler if I have properly stated that. Yes. I thought that was 
right, sir. 

Mr. Fioperc. When the second one happened, they were running 
the same kind of experiment as when the first one happened. So the 
conditions were similar. It really would verify the results of the ini- 
tial situation. 

Representative Prick. May I ask Dr. Pittman a question ? 

Chairman Anperson. Yes. Dr. Pittman, Mr. Price wanted to ask 
a question. 

Representative Price. The aqueous homogeneous reactor was one 
of the first ones in the family of reactors. We have been working on 
them many, many years. Can you tell me what the advantage ‘will 

be if your research causes us to ‘stick with this project ? 

Dr. Prrrman. The major advantages of this, of course, are that you 
have the fuel in a system where it can be taken out of the reactor very 
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rapidly. You can reprocess it on a continuous basis. You can cut 
down on the total inventory of fuel that you have in your system and 
simplify handling and fabrication ; of course, there is no fabrication of 
the solution. The problems are, though, that the whole system gets 
contaminated. 

This is something I think we will want to investigate more care- 
fully. But if we can overcome the difficulties as to the instability 
of the solution, it certainly offers potential for breeding and for 
simplicity of the system in the future. 

Senator Hickentoorrr. May I ask how long you think it will take 
to find this out? We have spent a lot of money on this system and 
have been working on it for a very long time. 

Dr. Prrrman. Well, sir, it is hard to predict when you can get 
an answer to a very difficult problem like this. It happens that this 
is one of the problems I believe I understand a little better than some 
of the physics problems that the other reactors have, since I am a 
chemist. My own personal opinion is that this is the type of a prob- 
lem that does lend itself to solution, but it will take I would say a 
good many years of rather concentrated effort in the laboratory to 
develop enough information about the stability of these systems so 
that we can count on developing a reactor system that will be 
workable. 

Senator HickENLoorer. Have you been able to get Oak Ridge to 
do anything about the slurry system that was proposed here a while 
back? Or will they just look at it and say it will not work ? 

Dr. Prrrman. No, sir; I think Oak Ridge recognizes that in the 
long range a slurry system is a very important part of their program. 
I think they have recognized, however, that they have some serious 
problems. 

Senator Hickennoorer. Well, are they doing anything about it, 
other than just putting it on the shelf? 

Dr. Prrrman. They are doing the slurry research in the laboratory. 
They are not trying to do anything in this reactor. It was to be a 
two-region reactor. But with the hole between the two, it is not possi- 
ble to run slurries in one region. But they are doing work in the 
laboratory, sir. 

Senator Hicken.oorrer. The only point: Are they so wedded to 
the system they started a long while ago that they will not go to 
another system or experiment with it? 

Dr, Prrrman. No, sir; I think Oak Ridge is willing to look quite 
seriously at the slurry systems. And the loop that was at the Penn- 
sylvania Power & Light operation a couple of years ago is out at 
Oak Ridge, and I think they have done some loopwork on the slurry 
system itself. 

Mr. McConr. Future plans on the aqueous homogeneous system 
will depend on what you mentioned. 

I would like to delete paragraph 73. 

Chairman Anpverson. If you delete that, have there not been some 
news stories or comments that the Atomic Energy Commission in its 
10-year program will emphasize certain types of reactors and deem- 
phasize others? Do you feel that your 10-year program does that, 
picks out the pressurized water and the boiling water and emphasizes 
those and leaves off some of the other concepts? 
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Mr. McConr. No: I do not think so. I have run into those state- 
ments. I think what we have tried to do is to evaluate each one of 
these concepts and to see whether there were some that, if they met 
all of the prospects, the results would not be of material advantage 
to this country. Or if it goes on, we will drop them. We have the 
two water reactors, the pressurized and boiling water being the most 
advanced. And they seem to be most acceptable by the utilities who 
are used to handling water. It is the natural thing for them to do. 

On the other hand, there are some limitations, in both temperature 
and pressure, and it is quite possible that sodium or gas will replace 
them ultimately. 

Chairman Anperson. I was only trying to get some sort of a state- 
ment to the effect. that the Atomic Energy Commission still intends 
to go forward in those things that seem to be promising as rapidly as 
you can. 

Mr. McCone. Yes: I think that is true. We do intend to do that. 

sut we do not intend to respond to every combination of coolant and 
moderator and reflector, just. because it nico some ingenious 
idea. I think we have to recognize that any reactor concept has to 
go aacaeh three distinct stages of develanmadail It has to go through 
the stage of the experimental reactor, or the reactor experiment, and 
sometimes a reactor experiment asks questions more than it answers 
them. And then you go into another experiment, and then you go 
into a prototype, and then you finally get to a full-sized plant. So 
you are into a program of maybe several hundreds of millions of dol- 
lars. Therefore I think we have to be quite selective. We have to be 
sure that if everything is successful, we have not merely repeated 
what we accomplished in other reactor concepts. 

Chairman Anperson. I cannot quite find the words that. I had in 
mind, but somewhere I saw a story that the Atomic Energy Commis- 
sion fixed its course. It is going with this one and this one and this 
one. I rather had the impression that. you were treating the whole 
field pretty carefully and pretty broadly, and I thought that a gen- 
eral statement on that might be of interest. 

Mr. McConge. I think this is the most authoritative phase of our 

rogram. 

(The following letter from Mr. McCone, dated March 10, 1960, re- 
ferring to pars. 70-73, follows. The paragraphs referred to appear in 
the AEC’s full statement on p. 133. 

U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., March 10, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON: Reference is made to my testimony before the Joint 
Committee on Atomic Energy on February 16, 1960. Paragraphs 70 through 73 
of my prepared testimony covered the program for the aqueous homogeneous 
reactor concept. During my testimony several questions were raised relative to 
the significance of the recent second failure that had occurred in the HRE-2 
core tank and the possible effect of this incident on long-range program plans. 
At the conclusion I stated that future plans for the aqueous homogeneous sys- 
tem would depend on a more complete analysis and evaluation of this failure, 
and requested that paragraph 73 be deleted from the prepared testimony. After 
further consideration of this matter, our long-range plans for the program are 
unchanged, and I wish to reinstate paragraph 73 into the record. 
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As was pointed in A. R. Luedecke’s letter to you dated February 6, 1960, op- 
eration of the HRE-2 has been directed to obtaining furtuer information on and, 
if possible, demonstrating at least a partial engineering solution to the fuel solu- 
tion instability problem. During the run which was terminated on January 22, 
1960, by the formation of the second hole, the reactor was being operated at 
various combinations of reduced system pressure and temperature. The purpose 
of the run was to determine the maximum stable power level at each of the se- 
lected conditions. In this type of operation, the reactor is deliberately pushed 
into unstable or borderline stability conditions to determine fuel stability limits 
with the present core configuration, and the risk of further core damage must be 
recognized as part of the price of these important investigations: 

To investigate the possible mechanisms of fuel instability, a program of HRE-2 
operations was formulated some time ago. This program consists of: (1) Chang- 
ing fuel temperatures and pressures; (2) adding chemicals to the fuel; (3) im- 
proving hydrodynamics of core and blanket vessels. 

To date only phases 1 and 2, above, have been investigated. These investi- 
gations have produced significant improvements in fuel stability. However, to 
achieve more satisfactory operating conditions, it is necessary to undertake 
phase 3 of the program, and current plans are to reverse the direction of flow 
through the core and to plug both holes in the core tank before resuming 
operation. 


The formation of the second hole in the HRE-2 confirms and reemphasizes the 
severity of the fuel instability problem: it does not appear to indicate the pres- 
ence of new or unforeseen difficulties. We therefore plan to continue research 
and development on a long-range basis, the magnitude, direction, and nature of 


the effort being guided by the outcome of the research and development work. 
Sincerely yours, 


JOHN A. McCone, Chairman. 
NEW CONCEPTS PROGRAM 


Mr. McCone. As technology is developing rapidly in many direc- 
tions, the Commission must be alert to evaluate new reactor ideas as 
well as new ideas for major improvements in existing reactor types. 
However, a decision to proceed with the development ‘of design alter- 
nates representing major technological advances depends upon an 
evaluation of the benefits expected “to result. Early construction of 
inexpensive reactor experiments of the simplicity, size, and cost range 
of Borax and the organic moderated experiment may be required to 
help determine the technical feasibility of advanced designs which 
look promising. 

The Los Alamos Molten Plutonium Reactor Experiment 
(LAMPRE) is under construction, and the High Temperature Gas- 
Cooled Reactor Experiment (Turret) is under design. Turret would 
establish the feasibility of operation with a gas coolant. at tempera- 
tures above 2,000° F. 

Typical of reactor types or reactor modifications that are currently 
being investigated are fused salt, pebble bed gas-cooled, and slurry or 
fluidized bed ¢ concepts. Other examples are listed in our written sub- 
mission. In several cases, specific research and development is being 
carried out in areas critical to their evaluation. 


FUTURE PLANS 


Engineering studies, research and development, and evaluation of 
the new reactor concepts will be continued to the point where a deci- 
sion can be reached either to build a reactor experiment or to termin- 
ate the work. During the next few years it is probable that three to 
five of these concepts will have reached a point where construction 
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of a reactor experiment will be justified. Subsequent evaluation of 
the results from these experiments may justify the construction of 
several prototypes. 

(Statement of AEC’s new policy on unsolicited proposals for ad- 
vanced reactor a is contained in AEC letter dated March L7, 
1960, and appears in “Hearing in AEC Authorizing Legislation, Fis- 
cal Year 1960,” p. 297.) 


NUCLEAR TECHNOLOGY 


Mr. McCone. In addition to the specific work carried on under in- 
dividual power reactor projects, there is an area of more broadly 
based development in nuclear technology. The general objectives of 
this program are to provide basic data on reactor systems and related 
problems, to carry out engineering development of a general and 
fundamental nature, to investigate the feasibility and potential of 
new methods for improving reactors, and to provide tools, such as 
test and research reactors and remote handling devices, for use in 
reactor research and development. 

Developments in this area should help to lower the cost of nuclear 
power generation through improvements affecting many types of 
reactors and through reductions in the overall cost of the reactor fuel 
cycle. I will summarize this highly technical but rewarding field. 
Our written submission will provide detail. 

Briefly, our work in fuel and materials includes the fuel cycle de- 
velopment program inaugurated during 1958. We accepted 24 re- 
search and development proposals from 18 contracts with industrial 
organizations in this field during 1959, besides increasing our own 
effort through our laboratories and contractors. 

In fuel reprocessing, we are broadening our attack on various types 
of fuels for many of which, at this time, proved technologies do not 
exist. We are exploring low decontamination, remote refabrication 
methods such as those being worked out in the pyrometallurgical 
plant assuciated with the second experimental breeding reactor. We 
hope to reduce costs throughout this field. 

Chairman Anperson. Would you stop there ? 

Mr. Ramey had a question a moment ago. 

Mr. Ramey. On your fuel cycle development program, is not accept- 
ing 24 proposals of relatively small amount with different outfits sort 
of spreading it pretty thin? Would it not be possible to obtain better 
results by larger contracts with fewer but diversified groups ? 

Mr. McConr. That was not our judgment, Mr. Ramey. We dis- 
cussed the alternates and felt that this was about a proper balance of 
the size of contracts and the dispersal throughout the country. 

Mr. Ramey. Is the Commission considering changing this at all? 
Awarding larger projects and fewer of them / 

Mr. McCone. Well, we have not approached this question of fuel? 
element development from that standpoint. What we will do is to 
award contracts to fully utilize the capability of contractors or engi- 
neering firms who have developed an ability to render real assistance 
to us. 

Problems in reactor safety will intensify as the number and variety 
of reactors increase. We are continuing experimental and analytical 
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work with transient test facilities, and in our laboratories. Chemical 
reactions, meltdown of cores, reactor kinetics are being studied, and we 
are seeking effective, economical methods of reactor containment. 

In waste , disposal, we are going ahead with field tests to supplement 
the work of laboratories, and m: aking thorough examinations of sys- 
tems for fixing and depositing large quantities of radioactive mate- 
rials. This involves detailed study and analysis of many environ- 
mental factors. 

These programs I have cited are in addition to studies on reactor 
physics, and developing and testing reactor components and associated 
equipment. 

Together, these programs in nuclear technology help to fill the well 


from whic h we draw the essential information on which to base, and 
Improv e, our power reactors. 


COSTS AND PLANS 


The Commission has attempted to forecast the level of costs to sup- 
port the plans we have presented for the civilian power reactor pro- 
gram. These forecasts are for planning purposes only. They cover 
research and development, including oper ating costs and waivers 
of fuel charges. They also cover design and construction of reactor 
experiments and prototype reactors, and general engineering support 
of the civilian power program. The forecast omits commercial plant 
costs. The years immediately ahead are more easily estimated than 
the years at the end of the period. 

Our forecast of gross costs for the research and development and the 
experiments and prototypes I have named indicate average expendi- 
ures for 1961 to 1969 of about $200 million a year. For 1961, we 
estimate $250 million, exclusive of industry contributions. The bulk 
. these average expenditures from 1961 to 1969 for the civilian power 

sactor program probably will be made by the Government, but indus- 
try’ s share should be substantial. Industry also is expected to spend 
additional sums on its own plants—prototypes or commercial installa- 
tions. 

In the years covered by our forecast—1961 through 1969—we will 
be investing the estimated average of $200 million a year in the fol- 
lowing things : 

First, a broad program of general research and development feeding 
technology to all reactor programs, exploring new concepts useful 
for both small and large reactors, and providing support facilities 
such as test reactors. 

Second, reactor experiments needed to prove or to develop reactor 
concepts for small or large power reactors. We can now foresee that 
some six of these will be needed. Others quite possibly will be pro- 
posed. 

Third, prototypes will be needed to advance concepts which were 
proved out in reactor experiments. These will produce information 
and technology that can te extrapolated to commercial plants, small 
or large. Some 14 of these prototypes can now be foreseen. 


Fourth, appropriate support of cooperative industry efforts as 
authorized by the Congress. 
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Out of the work represented by these forecast expenditures, and 
from the previous accomplishments of the Government and industry 
programs, we believe that, in the years ahead, the following can be 
accomplished : 

First, large pressurized water and boiling water reactor powerpl: ints 
initiated in 1960 probably would produce power at costs that are com- 
petitive with conve ‘ntional powerplants over the life of the plant in 
certain high fuel cost areas where such large plants are practical. 

Second, large organic-moderated reactors probably can reach a 
competitive stage of development by the middle 1960's on the same 
VASIS. 

This is assuming that the research and development on fuel ele- 
ments prove satisfactory. 

Third, superheat in a ange water reactor probably can be brought 
to a competitive cost level by the late 1960’s. 

Fourth, both light-water- cade and organic-cooled reactors could 
develop a longer range potential of becoming economic in m: ny areas. 

Fifth, by the late 1960's fast breeder reactors may become competi- 
tive In many areas. 

Sixth, somewhat later, probably in the early 1970’s, large high-tem- 
yerature, gas-cooled reactors probably could become competitive in 
fiashs-coet areas, 

Seventh, the economic potential of small power reactors will be 
developed both in projects directed to this end and as an outgrowth 
of technology developed for large reactors. 

Eighth, other reactor concepts will be explored and, as warranted 
by technical development and economic potential, systematically ad- 
vanced. 

These are forecasts of probabilities as we view them on the basis 
of progress and analysis now in 1960. They are not certainties. We 
believe that they can be achieved by continued strong Commission 
leadership, by strong « ooper: ation between Government and industry, 
by unceasing effort, and orderly, systematic promotion of worthw hile 
development and promising reactor concepts. 

Chairman Anprrson. Could I just ask you, there, Mr. Chairman, 
before you go on, about this cost element on eli il you have 
scheduled in the summary, where you set up $178 million for fiscal 
year 1960, research and development, and then $160 million on con- 
struction? Is that a little bit out of line? You will see from that we 
have spend $88 million up through 1959, and then you have $168 
million in research and development and $160 million in construction. 

Mr. McConr. What was the question? I had not seen this 
schedule. 

Chairman Anperson. Dr. Pittman sent it to us today. 

Mr. McCone. That is right. 

Will you cover that? 

Dr. Pirrman. Senator, — I speak to this document? I did not 
hear what the question wa 

Chairman ANDERSON. This indicates that you are going to spend a 
whole lot more money on the fast breeder than you are going to spend 
on natural uranium or various other things. This represents a judg- 
ment that the fast breeder is by long odds the most promising horse in 


the race. 
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Dr. Prrrman. Sir, this document was sent to you as a result of a 
request from Mr. Ramey to give what would have been the expendi- 
tures had we carried out the entire program indicated in volume II. 
You know, in going through our studies, we have volume I, which was 
the current status; volume II, which was the long-range potential ; 
and we went through a rather extensive program of research and de- 
velopment, which could be carried out for each of these. Mr. Ramey 
asked that we give the cost that would be incurred if all of those pro- 
grams were carried out. That is what this document represents. It 
does not represent the cost that we are now proposing in the program 
as it actually has come out, because we are not proposing to carry out 
the entire program as it was represented in that volume II. 

Mr. Ramey. You are not proposing that on the fast breeder, either? 

Dr. Prrrman. No, sir; not quite. We are proposing here only one 
prototype, in connection with the fast breeder. In this one, there was 
the possibility of, 1 think, three prototypes. I do not have the figures 
right offhand ; but that is the difference. 

Mr. Ramey. Will it be a proportional amount, between concepts? 

Dr. Prrrman. No; it will not be. What we have done is to take 
volume II, and we have gone through it, and tried to see what is 
reasonable in looking at all of these epne epts, and brought you the 
program presented today, which is in essence the Commission program. 
So there is a difference between these costs and what we are ac tually 
proposing to do. These were furnished at your request. 

Mr. Ramey. Do you have the breakdowns on a comparable basis? 

Dr. Prrrman. You mean for the program we have talked about? 
I gave you yesterday, Mr. Ramey, informally, or left with you, an- 
other document, which gives something similar, showing that the fast 

breeder system has research and development at $140 million and a 
prototype construction estimated at $30 million. These are certainly 
rough estimates long into the future, but they do give you a total of 
$170 million for fast breeders. 

Chairman Anperson. What I am trying to get at, Dr. Pittman: 
Can we put those figures into this record now, or should they be sub- 
mitted back to the Commission and then submitted by the Commission 
tous? 

Mr. Ink, did you want to get intothis? 

Mr. Inx. I was just going to suggest, sir, that we submit figures for 
the record. This gives you an indication, but we would like to submit 
figures for the record. 

Dr. Prrrman. I think these were submitted more for staff review 
and I think we had better submit a detailed breakdown for the record. 

Chairman Anperson. Our problem is that we would like to ask 
questions on it. That is what we got these for, to ask questions. If 
it is still tentative, we will probably have to wait until you supply us 
with the figures, and then we will go back to questioning at a later date. 

Representative Hosmer. In other words, Dr. Pitman, you say these 
are not subject to questioning at this time. 

Dr. Prrrman. The question was asked about volume IT. 

Representative Hosmer. But it has nothing to do with probing for 
a realistic answer or helpful answer. What you are going to do now 


is prepare some statistics on the basis of the program you have laid 
out here. 
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Dr. Prrrman. We have said that this program as laid out here costs 
around $200 million a year. I have furnished informally to the staff 
the general breakdown of that, but I would rather furnish that in 
more detail. 

Representative Hosmer. We can disregard these other figures, then ? 

Dr. Prrrman. I think it has nothing to do with this program here. 

Chairman Anperson. We do have a set of figures here furnished us. 

(This set of figures and subsequent AEC corrections are on file 
with the Joint Committee.) 

Mr. McConr. Where is that chart we had this morning? I can 
answer the question in this way, and go right down, item by item. 

To accomplish what I have been reading about here for the last 
couple of hours, this will cost in general engineering support and ex- 
perimental facilties $645 million, and it will anticipate expenditures 
for research and development on pressurized water of $/0 million 
and of prototype construction on pressurized water of an equal 
amount, or a total expenditure on pressurized water of $140 million. 

On boiling water, the figure will be $95 million. On nuclear 
superheat, the figure will be $80 million. And on organic cooled, the 
figure will be $100 million. 

So those three concepts, together with the superheat, would involve 
research and development of $240 million. And prototype construc- 
tion of $175 million; or a total of $415 million. 

Now turning to your sodium-cooled fast reactor, there is indicated 
a research and development expenditure of $140 million, prototypes 
of $30 million, or a total of $170 million. 

On the sodium-cooled thermal, $55 million. On the gas-cooled 
enriched 

Chairman Anperson. Which is divided, $25 million for research. 

Mr. McConr. $25 million for research and $30 million prototypes. 
On the gas cooled, $100 million for research and development, and 
$30 million for prototypes, or a total of $130 million. 

For heavy water, there is an expenditure of $55 million for research 
and development and nothing for prototypes. That is, in anticipa- 
tion of the successful conclusion and approval of the Canadian 
arrangement, 

On aqueous homogeneous, there is $65 million on research and de- 
velopment, $20 million for a prototype, and $15 million for an experi- 
mental reactor. 

On new concepts, there is $45 million on research and development; 
$80 million on prototypes; and $15 million for reactor experiments. 
This makes a total of $460 million on research and development and 
$190 million for prototypes applied directly to sodium-cooled, gas- 
cooled, heavy water, aqueous homogeneous, and new reactor concepts. 
This totals $650 million for these concepts as compared to $415 mil- 
lion for the light water and organic concepts. 

There would be $700 million for research and development on all 
concepts and $365 million for prototypes. 

Now, not all of that money will be Government, because some of 
these prototypes may be built by industry, as indicated in the presen- 
tation. Some of this research and development will not go forward, 
because some of these programs will probably drop out. Others may 

“er figures than indicated. This must be considered as a 
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best guess at this time. The grand total is $1,710,000,000, and no at- 
tempt has been made to divide it between private investment and ap- 
propriated Government money. 

(For additional discussion on cost estimates of the AEC civilian 
power program, see “Hearings on AEC Authorizing Legislation, Fis- 
cal Year 1961,” pp. 270-280.) 

Chairman Anprerson. Now, Mr. Chairman, you have finished about 
30 pages of your 60 pages. Would you like to take a seventh-inning 
stretch, or would you like to have someone else read on for you? 

Mr. McConr. I will read to page 35, and that will conclude it, and 
then you can ask questions, if you would like. 

Chairman ANnperson. Go right ahead. 

Mr. McCone. Concluding our presentation of the Commission’s ci- 
vilian power reactor program, I would like to summarize a few addi- 
tional reactor programs, in some of which the committee has expressed 
special interest. 


TEST REACTORS 


Most fuel irradiation tests requiring thermal neutrons are now con- 
ducted in the Commission’s materials testing and engineering test 
reactors. Some smaller Commission reactors also are being used for 
this purpose, and a few privately financed test reactors, such as those 
of Westinghouse and General Electric, have become available. Last 


year, the Commission sought to obtain a greater portion of the irradi- 


ation test needs from industry. Asa result of an invitation the Bab- 
cock & Wilcox Co. proposal was selected as a basis for negotiation of 
a contract for use of space in a reactor to be constructed. 

Due to the increasing needs, particularly in the Navy program, for 
thermal fluxes higher than available in existing or planned test re- 
actors, the Commission, in August, contracted with Phillips Petroleum 
Co. for a conceptual design study for a high-flux test reactor incor- 
porating the most advanced technology available. During the coming 
year the possible requirements for fast breeder fuel element test facili- 
ties will be studied. 

Industry’s and the Government’s requirements for irradiation space 
in test reactors in the period 1960 through 1965 are being evaluated. 
The results will serve as a basis for determining the nature of ar- 
rangements for building a high-flux test reactor. 

There seems to be no question but that we will need such a reactor. 
We will also need the services of the General Electric and Westing- 
house reactors for some time to come, as well as the Babcock & Wilcox 


reactor, but the details of that study will be presented at a little later 
date. 


PROCESS HEAT 


One reactor development effort not directly associated with the gen- 
eration of electricity is our program to develop nuclear reactors for 
industrial process heat. As indicated previously, the Commission has 
undertaken design and construction of a 40-mwe. pressurized water 
reactor to produce low-temperature process steam. The Department 
of the Interior will build an associated experimental plant in Cali- 
fornia which will use heat from this reactor to convert saline water 
to potable water. 
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Work on high-temperature process heat is being carried on in a joint 
experimental program between the Commission and the Bureau of 
Mines at the latter’s Appalachian Experiment Station, Morgantown, 
W. Va. The ultimate objective is use of heat from a nuclear reactor 
for gasification of coal. The previously described high-temperature, 
gas-cooled reactor experiment, designated ‘Turret,’ 1s a possible 
source of high-temperature industrial process heat 


THORIUM UTILIZATION 


Four reactors discussed under specific concepts in part IV are sched- 
uled to utilize thorium. These are the sodium reactor experiment, and 
the power reactors of Consolidated Edison, Rural Cooperative Power 
Association, and the Philadelphia Electric Co. Operating experience 
from these four plants and further development and testing at the 
homogeneous reactor experiment will provide a base for further 
evaluation. Should evaluation indicate a potential justifying further 
experimental or prototype reactors designed primarily for thorium 
utilization, necessary authorizations would be requested. 

Specific prob Jems of thorium utilization include fuel stability, 
corrosion, and the development of slurry or other systems suitable 
for fluid fuel thorium breeders. 


CONTRIBUTIONS OF MILITARY REACTOR PROGRAMS 


The military reactor programs have been of industrial importance 
from their inception. They have contributed, and on an increasing 
scale continue to contribute, technical information to the civilian 
reactor programs. 

The naval reactors program has made many direct contributions. 
The pressurized water reactor, for instance, was selected for the 
Shippingport plant because full advantage could be taken of tech- 
nology developed in the naval program. 

All water-cooled reactors benefit from past development of the 
naval reactors program. Sodium technology and components were 
first developed for the submarine intermediate reactor. 

The Army reactors program contributes to development of small 
powerplants for civilian purposes. Low-output plants provide a 
significant portion of the power generated today in this country. 
The Army objectives of ease of inst ulation, operation, and mainte- 
nance, and minimum crew size and training requirements, are directly 
applicable to small civilian plants, particularly in remote locations. 
Among specific developments from the Army program are stainless 
steel—uranium oxide plate fuel elements and control rod drives, both 
subsequently used in the civilian program. The portable gas-cooled 
reactor ML-1 will be the first plant in operation which combines 
a reactor heat source with a closed gas-turbine cycle. 

Representative Price. While you are on th: at paragr aph about the 
Army reactors program, could you give us any information on your 
progress with the small- package reactors such as could be used for 
distribution in underdeveloped areas throughout the world? 

Mr. McCone. For distribution where, sir ? 
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Representative Price. For distribution throughout the under- 
developed nations. 

Mr. McConr. Here the problem is economics, Mr. Price. The best 
approach that we have been able to make is the small pressurized 
water reactor, which we have under construction, to demonstrate the 
economics of a reactor generating from 15 to 20 megawatts electrical. 
When these reactors get very small, they get Very expensive. 

Representative Price. Have we made any great progress in this 
area of the small-package reactor / 

Mr. McConr. No; not in that power range. 

Representative Price. We have not developed any real portable 
reactor ? 

Mr. McConr. The AKC has several types under design and develop- 
ment, but does not yet have them in being. The Army is procuring 
a portable version of the Fort Belvoir plant for delivery this spring 

Representative Price. Whatever happened to the suggestion that 
we place part of the reactors for the Navy and a token for the Army / 
Do those proposals still lie ? 

Mr. McConr. We were very hopeful we could make a joint under- 
taking with the Navy for about a 20-megawatt reactor at Guam. How- 
ever, the Navy decided to proceed or to request authority for a con- 
ventional plant to meet their increasing power demands, 

Representative Prick. But they at least gave some tentative as- 
surance to the congressional committee that while they were proceed- 
ing with part of an immediate program on the conventional plan, 
they would give consideration at the next implementation to a nuclear 
powerplant. Is such a proposal still in the mill? 

Mr. McConr. No. The Guam plant is not in the mill at the pres- 
ent time. We had hoped it would be, and we might be able to revive 
it. But right now we do not have it. We have a complete study 
and a report being prepared on all of the small reactors in the 5- to 
40-mwe. range to meet the anticipated power requirements for various 
remote installations of the military services. This report has been 
requested by your committee and I think is to be submitted in a 
relatively short time. 

(The material referred to follows :) 

U.S. Atomic ENERGY COMMISSION, 


Washington, D.C., March 31, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 

DEAR SENATOR ANDERSON : In section 113 of Public Law 86-50 the Commission 
was directed to undertake design and engineering studies of a reactor for re- 
mote military installations. As outlined in our letter of September 1, 1959, our 
approach was as follows: (1) the Department of Defense (DOD) provided for- 
seeable 540 electrical megawatt power requirements at remote installations in 
the period 1963-70; (2) a contractor developed designs and cost estimates for 
nuclear and conventional plants for 10 applications for which nuclear power 
would compete most favorably with conventional power; (3) the DOD in- 
dicated which applications would be of most interest to the DOD considering 
costs and all other factors deemed appropriate. 

From among eight firms proposing to perform the study, Kaiser Engineers was 
selected, and a contract was executed as of August 17, 1959. 

The choices of reactor types for the various applications should not be con- 
strued as a preference by the Commission for one particular concept over another. 


The choice was limited to pressurized and boiling water reactors based on the 
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existing state of the art, and the final choice for each site was based primarily 
on the availability of existing designs for two reasons: (1) more reliable cost 
estimates available from vendors, and (2) more economical to adopt or modify 
slightly an existing design than to design a new reactor. If a decision were 
made to proceed with any of these particular projects, the ultimate designs 
might or might not be the same as reflected in this study. 

The DOD can be expected to appraise the economics of nuclear power in terms 
of costs for which the DOD must budget; therefore, the study was prepared in 
these terms. Specifically, the cost estimates do not reflect interest on the in- 
vestment and fuel-use charges; therefore, they do not represent total costs to the 
Government. Furthermore, because they do not include cost of land, taxes, in- 
demnity insurance, and return on investment, the figures should not be com- 
pared to commercial costs. 

Enclosure 1 hereto summarizes Kaiser's cost estimates and reflects revisions 
to those estimates based on our evaluation of the Kaiser figures. The estimated 
total project costs include, in each case, Government costs to cover such items 
as contract administration, resident engineering services, and Government travel. 
In a Commission construction project, such Government costs would have to be 
provided for in the operating budget. Enclosure 2 reflects our technical evalua- 
tion of the study and provides details of our evaluation of Kaiser's cost estimates. 

In our evaluation of the study, we found only one cost estimate with which 
we differ to an extent that has an important impact on the overall result: 
the vendor’s estimates for the plant at McMurdo Sound omitted several sig- 
nificant items. These have been called to the vendor’s attention and he has 
confirmed the accuracy of the adjustments made by our evaluation. For our 
revised estimates we have used the higher, more conservative figures, and the 
effect is reflected in enclosure 1. It should nevertheless be emphasized that 
the Commission does not regard the estimates in this report as guaranteed prices 
inasmuch as they are based primarily on vendor estimates rather than bids. 

Our technical evaluation of the study has disclosed but one major deficiency: 
the nuclear and standby systems designed for Thule AFB will not meet the 
requirements of the Air Force for that installation. Specifically, the use 
to which the power will be put makes it mandatory that power be available on 
a continuous basis; however, inherent in Kaiser’s recommended system there 
is a potential outage of 2 minutes which is the time required for the standby 
system to pick up the load and which would occur any time the nuclear plant 
shut down without at least 2 minutes of advance warning. The technical 
changes necessary to overcome this deficiency and the cost of such changes are 
being investigated further. 

There is one fact concerning the plants for the Nike-Zeus application which 
should be noted. The system reported is adequate to meet the power require- 
ment as stated to the contractor; however, subsequent changes in the Nike- 
Zeus concept indicate that greater power of a higher quality may be required. 
Therefore, because the ultimate power requirements for Nike-Zeus installations 
are still uncertain, the cost estimates for nuclear power at Nike-Zeus installations 
must necessarily be uncertain also. 

Because of time limitations, the DOD was requested to determine its relative 
interest in the 10 applications on the basis of the unevaluated study results. 
Although the estimates have changed somewhat as a result of our subsequent 
evaluation, we are confident that such changes would have had no effect on 
the position reported by the DOD. 

The DOD has indicated the following order of interest in the applications 
investigated: (1) McMurdo Sound; (2) Thule AFB; (3) Guam; and (4) Inchon. 

You will be interested to learn that we have extended our contract with 
Kaiser in order that the contractor may keep the study up to date and also 
investigate additional possible applications of nuclear power at remote military 
installations, including those falling below the 5—40 electrical megawatt range 
of the original study. On February 16, 1960, in view of sharpening interest 
in Antarctic applications, we directed that Kaiser study the Pole and Byrd 
Stations in essentially the same fashion as the 10 applications in the original 
study. The expected completion date for these additional reports is May 1 
1960. 

By separate transmittal, we are forwarding copies of the complete report 
prepared by the contractor. We will be pleased to provide any additional 
information which you may require. 

Sincerely yours, 


’ 


JOHN A. McConge, Chairman. 
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Chairman Anperson. Mr. Ramey? 
Mr. Ramey. Has there not been a proposal that the Navy pay 
the conventional cost of a nuclear powerplant for Guam, and that 


the Commission pay the incremental cost, and was this not looked 
on rather favorably? 


Mr. McConr. Yes: there we 
not to proceed that w ay. 
Representative Pricer. 
reference. 
Mr. McConr. That is right. 
that. 


Mr. Ramey. Perhaps it was thought that this reactor might be 


almost ee at Guam in relation to the fuel prices, and there- 
fore maybe the Navy ought to pay for it entirely; but that would 
raise their capital contributions, and at this point perhaps the Navy 
lost interest. 

Mr. McConr. We put up a very persuasive argument. I thought 
we were going to win it for a while, Mr. Ramey, but we did not. 

Chairman Anperson. Well, if you need some recruits, there are 
several up here who will be glad to try to help you in that battle. 

Mr. McConr. The aircraft reactors program, which includes the 
direct-cycle, indirect-cycle, Rover, Pluto, and Snap projects, has pro- 
vided much new and extremely useful information to civilian reactor 
technology. These projects have been the major source of data on 
very high temperature effects on reactor materials, and components. 


This program also produces very useful data in the lower temperature 


ranges on shielding and on the effects of 
materials. 


re some discussions, but it was decided 
That was the suggestion to which I had 


It was decided not to proceed with 


radiation on organic 


Radioisotope power technology developed under the Snap program 
is readily usable for speci ial power applications, such as remote un- 
attended weather stations. Technology in power conversion has also 
been advanced by research in thermoelectric and small power con- 
version equipment. Progress is being made by the Rover advanced 
concept. group at Los Alamos in their research on a very promising 
energy conversion device—the plasma thermocouple. 

During the past year, a revised classification guide permitted re- 
lease of additional information about military reactors. As a result, 
only that information which reveals features essential to the design, 
construction, or operation of specific military reactors remains classi- 
fied. The aircraft reactor experiment at Oak Ridge National Labor- 
atory was completely declassified, as was the aircraft reactor 
there, and the supercritical water reactor. 

Information declassified and available from these reactor programs 
includes fused salt fuels and liquid metals technology, such as the 
ompatability with stainless steel of sodium, sodium-potassium, bis- 
muth and lead. In addition, technology associated with the nichrome 
V fuel element desgned for the direct-cycle reactor has been declassi- 
fied and information on the behavior of this material in a reactor 
environment will soon be made available. 

Chairman ANpberson. You mentioned in paragraph 103: 

As a result, only that 


test 


information which reveals features essential to the 
design, construction, or operation of specific military reactors remains classified 
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I do not regard the Rover as a specific military project, and I was 
happy that the Atomic Energy Commission gave us some help in 
clearing details of schedules and appropriations, and things of that 
nature, and we hope that you will continue to try to make as much 
of that project available as prudence would dictate. I realize there 
are some possibilities that may have military significance later on. 

Mr. McConr. Yes; we are glad to make as much information 
available as we can. There is some possibility that Rover may have 
® military application and, for that reason, certain phases of it should 
be classified. 

Chairman Anperson. I just wanted to express our appreciation for 
getting as much out of it as we did. 

Mr. McConr. These declassified research and development docu- 
ments are made available to the public through our standard dis- 
tribution channels and contribute materially to industrial knowledge. 


MARITIME PROGRAM 


The effect of the maritime reactors program thus far has been 
chiefly upon the industrial and official bodies associated with the de- 
velopment, design, construction, and forthcoming test operation of 
the NS Savannah—the world’s first nuclear- powered merchant ship. 
These groups range from the reactor designer, naval architect, and 
shipbuilder to the regulatory bodies and local port authorities in the 
United States and abroad. 

From the inception of the Savannah project, normal commercial 
practice has been followed in order to esta ak procedures for possible 
future nuclear vessels. The crew has been selected from the officers 
and men of the American merchant marine. The ship is being con- 
structed in accordance with established codes and regulations of both 
marine and nuclear industries. 

I would like to stop at this point, if agreeable to you; and we could 
continue at your convenience with the evaluation of the foreign 
nuclear power program, to be presented by Commissioner Flober: g, 

(Short recess. ) 

Chairman Anprerson. We will resume. 

I think we will just say it is pretty late, and the members of the 
committee have asked me not to go on. 

I think, if you do not mind, Mr. Floberg, we will go on with you 
tomorrow, because this has been a rather long- winded session. I think 
we will break now and start tomorrow at 2 p.m.. 

(Whereupon, at 4:25 p.m., Tuesday, February 16, 1960, the hearing 

ras adjourned, to reconvene at 2 p.m., Wednesday, February 17, 
1960.) 
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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 


WEDNESDAY, FEBRUARY 17, 1960 


CONGRESS OF THE UNITED STATES, 
Joint Commitree on Atomic Enerey, 
Washington, D.C. 

The committee met, pursuant to recess, at 2 p.m., in room P-63, the 
Capitol, Senator Clinton P. Anderson (chairman of the Joint Com- 
mittee) presiding. 

Present: Senators Anderson and Aiken; Representatives Durham, 
Holifield, Price, Aspinall, Hosmer, and Westland. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director; George F. Murphy, Jr., professional staff 
member; and Richard T. Lunger, technical adviser. 

Chairman ANnperson. The committee will be in order. 

We will resume the Commission’s testimony on the development, 
growth, and state of the atomic energy industry today with Mr. Flo- 
berg as our first witness. I understand that he will lead off with page 
36 of the Commission’s statement on the evaluation of foreign nuclear 
power programs. 

After we finish this discussion, it is understood that Mr. Floberg 
will resume the discussion of industrial activities, page 42, to be fol- 
lowed by Admiral Rickover, whom we are very happy to welcome 
here, on the industrial aspects of the naval program. Then we will 
take up isotope development and regulatory activities which I under- 
stand Mr. Graham will take over. 

May I interpolate there, Admiral Rickover, when you are up here 
for your discussion, I understand that you very recently returned 
from a trip to Britain. If you have any comments you want to make, 
this group is receptive to your comments and we will be glad to have 
anything you can give us on the British program. 

Yesterday we were on the projected cost of the Commission’s 10- 
year program as related to its projected cost for the optimum develop- 
ment of concepts. I believe it would be desirable if the staff of the 
Commission would get together with the committee staff and work up 
some cost objectives for inclusion in the record for possible discussion 
at a later date. 

(See also letter dated March 7, 1960, on p. 149. For additional data 
on AEC civilian reactor development cost estimates, see “Hearings 
on AEC Authorizing Legislation, Fiscal Year 1961,” pp. 271 and 
272.) 

Chairman Anperson. In the event we do not finish our discussion 
today, we will consider carrying on tomorrow morning and possibly 
next week. 

49 
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Mr. Floberg, we are very happy to have you with us and happy to 
have you proceed. We are happy to see the vice chairman of the 
committee, Mr. Durham, here with us also. 


STATEMENT OF JOHN A. McCONE, CHAIRMAN, AND JOHN F. 
FLOBERG, COMMISSIONER, ATOMIC ENERGY COMMISSION 


Mr. Fiosere. Thank you, Mr. Chairman. 

Before we leave the subject of the reactors, I am going to present on 
behalf of the Commission a brief evaluation of the foreign nuclear 
power progr am. 

The joint power reactor program between the United States and the 
European Atomic Energy C ommunity has not developed to the extent 
originally expected. Factors with which you are acquainted have 
sharply reduced the original urgency for immediate construction of 
large-scale nuclear power plants for some 1 million kilowatts total 
capacity. 

Long-term interest in nuclear power is continuing, but the empha- 
sis is shifting in Western Europe, as elsewhere, to tec hnological de- 
velopments leading toward the reduction of costs rather than to early 
large-scale construction. 

Only one definitive proposal—that of the Italian utility, Senn— 
was received in the jomt U.S.-Euratom nuclear power reactor pro- 
gram by the deadline of last October. Our staff in Brussels is assist- 
ing the Euratom staff in working with the representatives of the 
Franco-Belgian group, which has reaffirmed its intention and ability 
to submit a definitive proposal. 

Completion of the project would run over the December 31, 1963, 
deadline, but still could be undertaken in the second phase of the 
program w hich calls for completion by December 31, 1965. 

The German utility study club group, AKS (Arbeitsgemeinschaft 
Kernkraftwerkes Stuttgart), has advised it can no longer hold out the 
promise of a binding commitment for the construction of a nuclear 
power plant under the joint program. Therefore, this project will 
not be included in the 1963 phase of the program and may be out 
permanently. 

The Commission has carefully considered the Euratom program 
in light of the present circumstances. The U.S. policy on the impor- 
tance of Euroepan economic and political integration has not changed. 
Euratom fosters such integration. 

While the need for nuc lear power as an immediate additional power 
source in Europe has lessened, the construction and operation of 
American-designed nuclear plants in Western Europe by the end of 
1965 would still be of some technological benefit to the United States. 
These benefits would include the opportunity for additional demon- 
stration of reactor concepts developed in the United States. 

In the interim, engineering and fabrication of such plants, and the 
creation of new facilities where i improvements may be tried and dem- 
onstrated, will be useful to our technology. The operation of such 
plants will provide statistical infor mation on fuels and reactor per- 
formance which would be of value. 

We have approved the Senn proposal recommended to us by the 
U.S.-Euratom Joint Reactor Board as a generally satisfactory project 
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and as an acceptable basis for development of such necessary subordi- 
nate arrangements as the Euratom-Senn contract, the fuel-cycle 
guarantee contract, and the U.S. fuel supply, plutonium purchase and 
reprocessing contracts. When these arrangements become definitive, 
we shall request congressional authorization of the appropriate fuel- 
cycle guarantee. 

With respect to the two reactors currently authorized for 1965, 
we continue to believe that an invitation should be issued at an appro- 
priate time. 

Chairman ANpbrrson. I do not quite understand that. What do you 
mean by that ? 

Mr. FLoperc. By that we mean, Senator, that under the Euratom 
Cooperation Act, as you will recall, there is a provision that says two 
reactors may be completed as late as December 31, 1965. 

Chairman AnDerson. The Joint Committee put that in there. There 
was nothing in the original proposal. It was all 1963. The Joint 
Committee felt you might not get it until 1965, so we revised that 
somewhat. 

One of these might be the Belgian, and there is another one you 
feel should be held over for a while? 

Mr. Fiosere. The two seats at the table are still vacant, Senator, 
and nobody has asked to occupy either of them. Our thought is, 
however, that this Franco-Belgian project may mature here in the 
next few months and may ask for admission to the program, and 
there may be one other coming in that could be completed by De- 
cember 31, 1965, possibly the AKS one to which I referred prev iously, 
possibly some other one that has been talked about that is in a more 
initial stage. 

Chairman ANpErson. The Germans say the AKS is out. 

Mr. Froserc. Out for 1963 and may be out permanently. 

Chairman ANperson. Is there a possibility for the Belgian for 
1965? It is out for 1963. 

Mr. FiLoserc. They could not possibly complete it by 1963. 

Chairman Anperson. Isn’t it out ? 

Mr. Fiosere. Out of 1963; yes, sir. 

Chairman Anperson. It is still in for 1965 and there may be one 
other at a later date. So for the 1963 class we will just have the Senn 
reactor ? 

Mr. Frosere. That is affirmative. 

Representative HoriFrecp. The Senn reactor was started before 
Euratom. This was a project that was not started under Euratom, 
but started before Euratom; is that not true? 

Mr. Fiosere. The project was at an advanced stage before the 
Euratom Cooperation Act was even passed. We discussed it during 
the initial hearings. 

Representative Hortrretp. So actually there has been no project 
started under the Euratom program. 

Mr. Frosera. The Euratom program has produced no new reactor 
project that is in any definitive stage. 

Representative Hoxtrretp. Will the Euratom terms give to the Senn 
project any advantage over what it would have had if we had not 
passed Euratom legislation ? 
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Mr. Fronerc. Yes: there will be some, such as the fuel element guar- 
antee backup, the deferred payments on the fuel, although it is argu- 
able as to whether it would have been part of the other deferred pay- 
ment plan that we now have for non-Euratom projects. 

At least it is the beneficiary of the deferred payment arrangement. 
And the plutonium buy-back contract. Then it also affords the pro- 
tection of the clause in the agreement for cooperation with regard to 
reprocessing availability. These are all advantages that it would 
not have had if we had not had the Euratom program or if we had not 
had some other program take its place. 

Representative Hotirretp. You feel that the Euratom program will 
bail the Senn project and insure its completion ? 

Mr. Froserec. I do not think it is going to bail it out, Mr. Holifield. 
We never had any intention that it should. I think the project would 
have gone ahead whether or not we had the Euratom arrangement. 
T do not think that Euratom can be given much credit for having kept 
the Senn project going. 

Representative Hortrretp. There will be considerable financial 
benefit to it from the advantages they get under Euratom. 

Mr. Froserc. It will be some advantage, but I do not think it is 
enough to make the difference between the project proceeding or not 
proceeding. It was enough advantage, Mr. Holifield, that they were 
anxious to come under the Euratom tent. So they thought it was an 
advantage. There is no question about that. 

Chairman Anperson. The letter that went to Ambassador Butter- 
worth—you are undoubtedly more familiar with this than I am—in 
section 6(b) he Says: 

The closing of the 1963 invitation and the entrance of the 1956 invitation would 
certainly not serve as an incentive for speeding up projects now well under way. 
We therefore think it advisable to revert to our proposal for merging the two 
phases into one single 1965 program. 

What did they mean by that proposal ? 

Mr. Frosera. This letter just came in a few days ago, Senator, and 
it was forwarded to the Joint Committee promptly. 

Chairman Anprrson. I am not questioning that. They say we 
think it is advisable to revert to our proposal. They must have made 
a previous proposal. 

Mr. Fioserc. I misunderstood your question. This was first sug- 
gested in a letter from Mr. Hirsch of a few weeks ago—I do not recall 
exactly ecall the wording of his letter at that time, but 
I do recall that he did say that what he thought should be done was 
that December 31, 1963, should be erased, so to speak, and the program 
should be regarded as having one date, namely, December 31, 1965. 

Under the present terms of the law, we cannot do that. Under the 
agreement for cooperation we cannot do it either. I thought that was 
clear to all concerned, but perhaps it was not. 

I might go on to say that this suggestion does not appeal to me 
particular ly. I think that we ought to keep the temporal punctuation 
marks that we had all along. I see some advantage to doing what is 
suggested here, but on the other hand, I think that we ought to 
continue to regard the 1965 phase of the program as a two-reactor 
phase at this moment. 
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If some reason comes up why we should change our approach, we 
ought to consider changing it. At the moment I see no good reason 
for doing that. 

Representative Hoxirrevp. The only reason the committee put these 
extra years into the bill was because we had no confidence that the 
original proposal would take place by 1963. We felt that by extending 
it 2 more years for two more reactors it might give a chance for a little 
bit longer stretchout. We were not quite as optimistic as the proposers 
of Euratom. 

Mr. Fuioserc. The idea, as you recall also, is that it would give new 
reactor concepts a chance to compete and they would not have been 
in a position to compete on a December 31, 1963, completion date. 
We were speaking in terms of gas cooled in those days, if you will 
recall. 

It might have been possible for them to have developed the tech- 
nology a little more in the extra 2 years so they could have competed 
with what we then called proven-type reactors. I do not think there 
is any doubt they could have completed these projects by December 
31, 1963, if they buckled down to it. 

I never thought that date was unrealistic, although there was differ- 
ence of opinion on it. If the utilities and authorities in question had 
wanted to complete these projects by December 31, 1963, they could 
have done so. ‘There is not the slightest doubt in my mind about that. 

Shall I proceed, Mr. Chairman ? 

Chairman Anperson. Yes; go right ahead. 

Mr. Fioserec. The joint research and development program sup- 
ported by the United States and Euratom gained widespread atten- 
tion in this country and in the European community. To date, pro- 

osals with a dollar value of almost $3.34 million have been approved 
a the Joint Research and Development Board. 

Of this, $1.7 million worth will be performed in the United States 
at our expense. A total of $600,000 has already been contracted for 
and the remainder is in negotiation. Similarly, Euratom has con- 
tracted for about $449,000 of the $1.65 million to be done in Europe, 
with the remainder in negotiation. All of the proposals approved so 
far, both for U.S. and Euratom financing, cover research and develop- 
ment related to water reactors, chiefly in the field of fuel-cycle studies. 

We propose to continue the research and development program but 
limit it to a modest amount in connection with boiling water reactors, 
including work having particular reference to the Senn project. This 
limitation would apply until responsive proposals to build reactors 
have been received in connection with invitations for 1965. 

Apart from continuing the joint reactor program and its associated 
joint research and development program within their present frame- 
work, we will, of course, keep in close consultation with Euratom for 
the purpose of identifying any additional cooperation which would be 
of mutual technical benefit. 

Chairman Awnperson. I indicated the other day I would like an 
answer to the question of what effect the failure of the Euratom pro- 
gram will have on the domestic atomic equipment industry. Should 
consideration be give to allocating for the domestic program some of 
the funds which would have gone into the international program ? 
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Mr. Fionerre. We talked about that specific question, Senator, to try 
to line up the effects of the substantial failure of the individual reactor 
projects to meet the October deadline. Some of the effects are, of 
course, that American industry has spent a considerable amount of 
money preparing these proposals and has done considerable work on 
design and other pre ‘liminary work necessary to the submission of those 
proposals. That is a disappointment to all concerned. 

Another effect is that the experience that we anticipated would be 
gained in design, engineering, fabrication, construction, and produc- 
tion of data from operation will now obviously not be availabe. 

This was always considered to be cumulative rather than standing on 
its own feet, but nevertheless it is an impact. As far as diverting the 
funds or financial benefits that would have been available to the 
Euratom projects, it is pretty hard to relate the domestic program to 
the Euratom program in that sense. 

For example, one of the benefits of the Euratom program was the 
availability of funds from the FE xport-Import Bank. It seems obvi- 
ously inappropriate to start putting Export-Import Bank funds into 
the capital costs of domestic reactor projects. 

Chairman Anperson. I realize that, but money of the Export-Im- 
port Bank still comes out of the Treasury. 

Mr. Fionere. It is Uncle Sam’s money: yes, sir. 

Chairman Anperson. Take for example the first one, the Senn 
reactor. The Senn reactor is being financed by the World Bank and 
not the Export-Import Bank and, therefore, no part of the $135 
million has been committed as yet. 

Mr. Fronere. That is correct. 

Chairman Anperson. Probably that is advantageous because the 
“buy American” provision was dropped out of the arrangement with 
Euratom after we had some pretty strong assurances in this room that 
it would be in there. But nonetheless there is no commitment on the 
$135 million. 

Unless and until some proposal comes up that requires that, that 
frees some money there. We had some money in for fue] guarantees. 
Do you think any of that money is going to be needed ? 

Mr. Frozera. No; I do not think it is. 

Chairman Anperson. How much was that ? 

Mr. Frosere. Yes; but you remember when we testified here we 
expressed the hope that none of it would be required. 

Chairman Anperson. I know you expressed the hope. I had some 
of it cut out. 

Mr. Frosere. That has been pretty well superseded by industrial 
manufacturers’ guarantees on fuel performance. 

Chairman Anprerson. Sure. That saves money for the Treasury of 
the United States. 

Mr. Fioserc. We are all glad to hear of that. 

Chairman Anpverson. $50 million for research, $10 million a year 
for 5 years. How long have we been at this and how much have 
we spent ? ¢ 

Mr. Friosere. We have been going through a year and a half. 

Chairman ANpERsON. We have spent some $500,000. 

Mr. Fiozere. We have not spent that much, Senator. We have 
contracted for some $600,000. 
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Chairman Awnperson. So actually a good part of the $50 million is 
going to be available. This is supposed to be for research on new 
types of reactors that were going to be built; and if the reactors are 
not going to be built, obv iously that money can be saved. 

I am only trying to say that the Commission came in here yester- 
day with a program for some reactors that might look to some people 
as if they will run into money. 

Mr. Froserc. This last item that you referred to— 

Chairman Anprerson. But these other things will relieve some of 
the obligations and not make it look so big, and probably it would be 
desirable to have some domestic development going on if the Euro- 
pean development is not going on. 

Mr. Frorerc. Certainly the last item to which you refer is the one 
that suggests itself as a place where more work can be done in the 
United States without regard to the joint program. There is no 
doubt about that. 

The other things, it seems to me, Senator, are not particularly trans- 
latable into the U.S. program. But I do not see any reason why they 
should not be considered for possible availability. It seems to me 
that they were cut to fit the program that we had in mind and they 
do not quite fit the domestic program. 

If it is just a matter of dollars, I am sure the Commission is going 
to consider its program as an entity and a unity, and it will be pre- 
pared to request whatever dollars it thinks necessary to support a 
vigorous and aggressive program. 

Chairman ANperson. When the so-called “Three Wise Men” came 
over here, they talked about 15 million kilowatts. Now it is down to 
150,000. : 

Mr. Frorerc. Those are different dates. They were talking about 
15 million kilowatts at some other date. I donot remember. I think 
it was 1970, 

Mr. Ramey. 1967. 

Chairman Anperson. If they have not liked it thus far and do not 
have any program for moving into it, the probabilities are that if 
they could not get but 150,000 at the time they were going to have a 
million, and the demand is gradually growing less “because of the 
presence of these fossil fuels and the development of oil and natural 
gas in northern Africa, we are not going to have any sudden rush 
before this. 

Mr. Froserc. That is certainly true. 

Chairman Anperson. I remember that just a year ago the New 
York newspapers printed a headline reading “Europeans Score U.S. 
Atom Accord, Six-Nation Nuclear Pool Seeks Stronger Guarantee 
on Fuel-Fabricating Costs.” 

If they did not need the rather weak guarantee we got because of 
the industrial guarantees, why would they need a stronger guarantee ? 

Mr. Frorerc. I do not know what the source of this information 
was, but obv iously they wanted whatever they thought they could 
get. This rumor undoubtedly came from the utility people themselves. 

There was never any serious consideration within the Commission 
of stepping up the level of the fuel element guarantees. We thought 
that the fuel element guarantees were well | founded but optimistic. 
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It turned out that that particular prophecy has worked out pretty 
well in connection with Euratom. Most of the others were not so 
good. 

Chairman ANperson. I did not mean to say that the Commission 
was trying to raise the fuel guarantee. This was a group of Euro- 
peans who were trying to raise it. Only because the industrial guar- 
antee was beyond what was contemplated, they wanted something 
beyond that to be paid for by the country. 

It seems to me that this has worked out so that very little of this 
money would be needed, and I think gives a good deal of moral backing 
to the development of additional types in this country, which I am 
glad to say seems to be coming along. 

Mr. Froserc. The situation in India and Japan differs somewhat 
from that in Europe. Both of these nations believe that nuclear 
power may be economic or nearly so in some of their high-cost areas 
at the present time. 

India is studying a nuclear power program which might be incor- 
porated in its third 5-year program and has held discussions with 
us on their plans. They plan to solicit this year on a worldwide basis 
~— for a 250-mwe. reactor to utilize natural uranium. 

Japan has contracted for a full-scale reactor of the Calder Hall 
type, is negotiating a contract for the purchase of a boiling water 
prototype reactor of 12 mwe., and is reported to have an interest in 
a large-scale reactor of the water-moderated type. 

While these activities are encouraging, we believe it is still too 
early to predict to what extent and on what time schedule substan- 
tial nuclear power programs may get underway in either of these 
countries. 

The nuclear power program of the United Kindom is approxi- 
mately on their current schedule of obtaining 5 million to 6 million 
kilowatts’ capacity by 1966. 

On the Chairman's recent visit to the Soviet Union, he learned 
that the U.S.S.R. will install only the first of the two reactors planned 
for the Voronezh nuclear power station and only two of the four 
scheduled for Beloyarsk. Also, the Leningrad nuclear power station 
apparently will not be constructed until the first reactor at Voronezh 
has been operating. 

Thus, stretchouts from their 1955 and 1958 construction plans are 
apparent, as I am sure some members of the Joint Committee learned 
on their trips to the Soviet Union. 

As far as we know, the U.S.S.R. dual-purpose reactor program is 
not involved in these stretchouts. I should note, also, that four re- 
actors in the 5- to 50-mwe. range are to be built at Ulyanovsk; the 
site is now being prepared for these reactors and they are to be com- 
pleted in 1962-64. 

The U.S.S.R. is reported to be building a 97-mwe. nuclear power 
plant for Czechoslovakia and a 70-mwe. powerplant in East Germany, 
expected to go into operation in 1963-65. 

Mr. Ramey. Does this indicate that the Russians have a diversi- 
fied program like our own, that they are following more for demon- 
stration purposes than necessarily to achieve early economic power? 
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Mr. Frosere. Certainly the last half of your statement is correct. 
I would amend the first half to say that they are diversifying their 
program rather than having a diversified program. They were more 
concentrated and now are in the process of diversification. 

Mr. Ramey. Actually the examples of the cutbacks you give, they 
were additional reactors of the same type? 

Mr. Froserc. That is right. 

Mr. Ramey. So they would learn from a developmental standpoint 
presumably as much from twoas four. That would be just kilowatts. 
Similar on the Voronezh, if you build one pressurized water type, 
you would not necessarily have to build another to learn. 

Mr. Fioserc. I think that iscorrect. I think they want to try these 
out on a operational basis, and then if they are working out all right 
they will continue with the other or they will make such modifications 
in the followup portions of those plants as necessary. 

I think it does indicate that they are not in as much of a hurry to 
get this particular power as they maybe thought they were a short 
time ago. 

Mr. Ramey. Or to get kilowatts. But they might be getting as 
much technical knowledge and catch up to us or beat us technically as 
they did before. 

Mr. Fioserc. I am sure they intend to get as much technological 
knowledge out of these projects as they possibly can. There is no 
question about their intention to do that. 

Representative WrstLanp. I would like to ask, in your opinion, is 
any country putting in the time, money, men, and materials that this 
country is putting in today ? 

Mr. Frioserc. In my opinion, the answer to that question is no, 
but I do not know if we have ever considered it in just that context. 

Representative WestLanp. That is why I asked the question. 

Mr. Fioserc. I am pretty familiar with all the European programs. 

Representative WrstLaNnp. Those are the only other countries? 

Mr. Fioserc. The United Kingdom should be considered in connec- 
tion with that. I would let the chairman comment on that. He 
knows the United Kingdom program better than I do. 

Chairman Anperson. I think it is important to point out that in 
your own statement you point to 5 million to 6 million kilowatts 
capacity in the United Kingdom by 1966. Will we have anything 
like that ? 

Mr. Fiosere. Not in terms of kilowatt capacity. Certainly not. 
4 good many of these plants are duplicates of previous technologies 
or in some cases there is more than one reactor of identical tech- 
tology at a particular site. 

Chairman Anperson. I think that is why the answer is a little dif- 
feult, if any other country is putting in as many men and materials. 
We are putting it in in a better way for a diversified program even 
though we do not have as many men or money in it. 

Representative WrsTLAND. I realize that. I asked the question on 
the actual production of kilowatts because I recognize that different 
‘nditions prevail in other areas. I did ask the question whether or 
lot any other nation is putting in the time, money, men, and materials 
@voted to nuclear energy that this country is putting in. 
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Mr. McConr. I would like to comment on that question, if I may. 
In the first place, I agree with what you said concerning the United 
Kingdom. They have a large effort for the production of kilowatts. 
The plants are all substantially alike. 

They are a plant that we feel would not meet our criteria of com- 
petitive power in this country, although they are very useful for 
reasons that. this committee understands in Great Britain. They are 
doing a considerable amount of research on advanced and high-tem- 
perature, gas-cooled reactors, and I think Admiral Rickover w ill com- 
ment on that a little later because he has all of the current informa- 
tion. 

It. is very difficult to measure and compare the effort in the Soviet 
Union with that of the United States, but it was our conclusion that 
their effort in their laboratories in research and development and in 
experimental reactors and so forth was quite comparable in the mag- 
nitude of the effort with our own. 

We visited on our trip all of the major laboratories. We felt that 
in terms of the number of scientists and the number of technicians, 
they have an impressive effort and an effort that is comparable to 
ours. 

With respect to their plants, they obviously have found that the 
technical problems and the costs of nuclear power were much greater 
than they expected. Khrushchev went into this in considerable de- 
tail with the President. Emelyanov spoke to me about it a number of 
times when I was there and when he was in the United States. 

For that reason they have done, as Mr. Ramey intimated in his ques- 
tions, diversified and are probing a number of different processes, 
such as we are, hoping to find the one that will be most. productive 
from the standpoint of giving them dependable and economical 
nuclear power. 

They point out that they are expanding their coal resources. They 
are produci ing coal more cheaply than they were. They are depend- 
ing more and more on fossil fuels rather than looking to nuclear 
power to meet their own requirements. They also indicated that they 
find hydroelectricity is quite expensive from the standpoint of capital 
costs, and therefore, they are reconsidering some of their hydro- 
electric programs. 

They seem to be leaning toward the fossil-fuel program. 

In general, we were satisfied that we were well ahead of them. 
However, as I have said on many occasions, they were doing some 
things that were very impressive and we did not leave the Soviet 
Union with a feeling that their progress should be ignored by any 
manner of means. 

They have an ability to concentrate their attention on certain things 
that they consider important and to get them done with remarkable 
rapidity. That was one of the greatest lessons I learned from going 
over there. 

Chairman Anperson. I want to say that I think we are very for- 
tunate that you did go over. One of the interesting things to me 
that your fellow Commissioners may not know —Professor E melyanov 





i 


— 


th 
W: 
ol 
ne 
th 
be 


ey 
we 
er 
Ol 


7 


| 
we 
ane 
por 
‘ 
obs 
It] 
the 
pee 
den 
fess 
an 
Wit! 
1 
thir 
£ral 
due 
It v 
| R 
son 
Mn a 
pow 
trie) 
Bi 
ach ie 
enter 
Mn 
Bs 
prog 
son, 
para; 
It See 





«l 


li- 

or 
re 
m- 
i- 
La- 


iet 
iat 

in 
ig- 


hat 
ns, 
, to 


the 
iter 
de- 


r of 


ues- 
sses, 
‘tive 
i ical 


They 
end- 
clear 
they 
pital 
ydro- 


them. 
some 
soviet 
y any 


hings 
‘kable 


going 


vy for- 
to me 
ryanov 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 59 


told me that the first time he had ever been down in a uranium mine 
is when Mr. McCone got to Russia and wanted to go down inside 
one. 

He felt as host he had to go. He had never gone into one before. 
I think that is just a sample of the good results of visiting around. 
You get to see a lot of things. I appreciate that statement by the 
Chairman. 

Representative Horirrerp. Mr. Chairman, this paragraph 121 is in 
the first person, and as I understand your st: itement, Mr. Floberg, it 
was read for the Chairman; does this indicate that the national 
objective has now changed from what we would consider a brisk, if 
not a crash, competitive program to keep ahead of the Russians in 
this field from the standpoint of the international prestige that would 
be involved in early acquirement of an economic reactor ? 

Has the administration’s attitude now changed to one of saying 
“Well, the Russians are not doing anything unusual, and therefore 
we can slow up over here and it is no longer necessary for the Gov- 
ernment to go ahead with an aggressive program in this field as was 
once advocated before this committee” ? 

Mr. McConr. There are several parts to that rR he 

In the first place, I feel and the Commission feels that the program 
we outlined yesterday is an aggressive, a brisk, and a sound program, 
and a proper one to reach our goal of dependable and economic nuclear 
power as rapidly as is possib le in light of the technological problem. 

That program was not in any way designed or influenced by our 
observations of the Soviet program. On the other side of the coin, 
I think that the Soviet program might be accelerated a little bit in 
the light of what they saw that we were doing. 

They expressed extreme interest and a great desire to have a Dres- 
den plant, for instance, and a Fermi plant. The last thing that Pro- 
fessor Emelyanov told me, he said he thought he would have to build 
an aqueous homogeneous experiment because he was so impressed 
with what he saw at Oak Ridge. 

Their eyes were opened from what they saw in this country. I 
think our program has not been influenced by them. We have a pro- 
gram that was designed to meet. our objectives aggressively and with 
due consideration of the technological problems that must be solved. 
It was not influenced by the programs of any other country. 

Representative Horrrietp. We were repeatedly told that the rea 
son for the Government entering into this atomic power program in 
Mm aggressive manner financially was not because we needed atomic 
power here at home. We have plenty of fossil fuels and hydroelee- 
tric power, and so forth. 

But it was because we might be faced some day with a tremendous 
whievement on the part of the Soviets, which would give them an 
entering wedge into the have-not power nations of the world from 
wn industrial standpoint, followed, of course, by their ideology. 

I think many of us on the committee have thought an aggressive 
program should be waged—a very aggressive progr am—for that rea- 
on, and not because we needed it here in the United States. If 
paragraph 121 is taken on its face, and if we rest on that assumption, 
it seems to me that there is very little need for the Government to 











60 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


continue to subsidize an atomic energy effort in the United States, 
and that we might save a lot of money and allow this industry to 
proceed as other industries have proceeded without Government help 
and Government subsidy. 

If we are going to go on the assumption of paragraph 121, and if 
we take this at its face value and if we ignore the fact that there may 
be some Soviet projects behind the curtains, they have a habit of 
doing these things, you know. Suddenly we may be presented with 
a sputnik or we are presented with a picture of the moon and it be- 
comes a tremendous propaganda weapon for them throughout the 
uncommitted world. 

Are we taking this risk knowingly, that they may be doing the same 
thing back in the Urals by the development of a more advanced 
atomic energy program and we are discounting the fact that this 
might be true, and we are willing to discard any thought that they 
might, and therefore we should adjust our program to a more lei- 
surely pace? 

Mr. McConzg. In the first place, we can only report to you, or I can 
only report to you what I saw, and what I was told. 

Representative Horrrimerp. That is right. 

Mr. McCone. Just as you can report to me what you saw and what 
you were told. 

Representative Hortrmxp. That is right. 

Mr. McCone. Neither of us can guarantee that they did not hold 
out and that there was not some spectacular development going on 
at some laboratory that we knew nothing about. That would be a 
very serious risk if we were to gear our program to what we were 
told and what we saw. 

However, we are not doing that. Paragraph 121, which you re- 
ferred to, has in no way influenced our program either with respect 
to the long-range program I outlined yesterday or to the authoriza- 
tions we will request from you or the appropriations we are going 
to request. 

Representative Horirteitp. But if we accept it at face value, it does 
lull us into a feeling that what we are doing is more than what they 
have showed us, and therefore we are going at a pace that is fast 
enough and there is no need for us to fear any secret operations of 
theirs which may be designed to some day face us with a fait acompli. 

Mr. McCone. I urge you, Mr. Holifield, not to place this interpre- 
tation on this paragraph. There is a danger that this paragraph as 
written would lead this committee to this impression. For that 
reason it would diminish the enthusiastic support that you have had 
and the committee has had behind the effort to accomplish the goal 
of nuclear power. 

Then I would like to amend the paragraph because that is not the 
purpose. We want your continued and enthusiastic support of this 
effort. 

Representative Hotirtetp. I understand that. But this does put 
me in the position, if we are going to gage the Soviet effort by that 
which we know or which they have revealed to us, then I feel very 
comfortable. I do not feel necessarily like putting several hundred 
million dollars into the reactor program. 
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In other words, we have nothing to worry about. Let us just go 
ahead and let private enterprise develop atomic energy like they did 
the automobile and some of these other things. But on the other 
hand, if there is a chance that the Soviets will face us suddenly some 
day with a “picture of the moon” type of reactor and say “We are 
ready now to export to underdeveloped nations 5-mill atomic power 
reactors,” I ask you what position we would be in at that point. 

Mr. McConr. You went through the Atomic Energy Institute in 
Moscow, didn’t you, with Professor Alexandrov when you were there? 

tepresentative Hoitrietp. No; but I know about it. I was down 
at Rostov going through an agricultural plant that day. 

Mr. McConer. If you had gone through there and seen their effort 
in the laboratories, you would not for 1 minute relax on this. You 
would keep the effort up. The policy or the feeling that nuclear 
power will become an important instrument in our international 
policy remains unchanged. 

It his been more difficult to develop it. Small nuclear powerplants 
have not been able to produce economical power, although we are 
building one that looks a good deal better than anything we saw 
here before. This continues to be an objective, and one of the rea- 
sons behind the program. 

We are not advocating the program that was outlined yesterday 
to this committee solely on the basis of the international aspects. 
We must in this country look forward to diminishing fuel supplies 
in certain areas and higher cost fuels in certain areas. 

The one area in particular being the State that you and I both 
come from. We have to look forward to that, and therefore it is 
important to equip ourselves with an alternate source of energy. 

Representative Hoxirrerp. I recognize the importance of it being 
a new source of energy certainly. I thought that for many years. 
I am talking about the degree of urgency that is involved. If I am 
not to worry about anything happening behind the Urals in the re- 
actor development program which we have not been told about, then 
I am going to approach the whole problem in a more leisurely 
fashion. 

I am going to be a little bit more careful about spending Govern- 
ment money to develop these reactors. I am going to look at each 
one of these programs a little more carefully because if we are this 
far ahead of them, as is shown here, and they are not concentrating as 
you have so often, and I think, fairly pointed out, on a project to 
get something done quickly for propaganda or political reasons, if 
they are not doing that behind the Urals, I am going to feel much 
better. 

In these days of budget balancing, I might even help the Presi- 
dent budget the balance on this program. 

Chairman Anverson. That will be the day. 

Representative Hosmer. Mr. McCone, as long as the question has 
come up, did you or any of your colleagues ever, over the past 5 years, 
have in mind coming up with what might be termed a “picture of 
the other side of the moon” type reactor, something fantastically 


cheap in relation to what we have on the boards or under way at the 
present time? 
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Mr. McConr. I think from time to time people who have been in- 
volved in this business have thought that there was a possible break- 
through and as a result there would be developed a p rocess to produce 
power from nuclear energy that would be remarkably cheap. There 
have been a great many statements made to that effect. 

Representative Hosmer. I know, but I am talking about the Com- 
mission itself. 

Mr. McCone. The Commission at the present time do not see any- 
thing other than hard, tough, and costly work in solving the tech- 
nological problems that must be solved to bring about the goal which 
we outlined yesterday. 

Representative Hosmer. As a matter of fact, even if you can pro- 
duce electrical kilowatts for nothing, there is still a great deal of cost 
involved in ultimately getting them to the user. Isn't that true? 

Mr. McConr. Of course that is true. The production of the kilo- 
watt-hours is only one part of it. The distribution and the arrange- 
ments for the consumption, of course, is a great part of any electrical 
system. 

Representative Hosser. In that light, isn’t it unrealistic to expect 
that we will ever, even under the most optimistic circumstances, create 
u device whereby power could be brought to these undeveloped nations 
at anything less than fairly substantial capital investment costs? 

Mr. McConr. Yes; that is true. <Any source of electrical energy 
involves distribution arrangements and arrangements for consump- 
tion of the power which will be substantially the same. Therefore, 
what we are talking about is the generation cost, the cost of the power 
at. the distribution point from the plant itself. 

This is only a relatively small part of the total power cost to the 
consumer. 

Representative Hosmer. Realistically you cannot anticipate that 
the Tron Curtain countries or ours, no matter what miraculous gen- 
erating device we came up with, could thereby change the general 
power picture toany real extent. Isthata fair statement? 

Mr. McConr. I would like to appraise the overall distribution costs 
of a complete power system or a theoretical power system to answer 
that question. It is my belief that lower produce tion costs of power, 
and particularly in small units, will have an important effect on the 

power economy of conatries, particularly those who are just beginning 
to build up their power load, such as India. 

Representative Hosmer. And the most fruitful area is in connection 
with the small power units rather than large central power stations. 

Mr. McConr. From the standpoint of areas of the world outside 
of the industrialized European nations, Japan and the United States, 
this is true. 

Representative Hosmer. That is all. 

Chairman Anprerson. Very well, Mr. Floberg. Will you proceed? 

Mr. Fronere. Our testimony, of course, has reviewed only a portion 
of our international atomic activities—those related to nuclear power. 
We are lending every assistance to the study on international activities 

in atomic energy being carried out for this committee by Mr. Robert 
McKinney. We will be interested in the results of this study. 

Mr. Frozerc. Now, on the subject of industrial activities, in een- 

sidering the development, growth, and state of the atomic energy in- 
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dustry in the United States, we are glad to report that the industry 
continues to grow. 

124. An index of this growth is to be found in the most recent 
Joint Commission-Bureau of Census annual survey of shipments of 
key atomic energy products from private manufacturing establish- 
ments during 1958. It showed a 55-percent growth in such shipments 
over 1957. 

125. The heaviest industrial impact of ae energy work comes, 
of course, from construction of nuclear reactors. Data based on a 
quarterly Commission survey indicate civilian and military reactor 
projects under construction or active development as of September 30, 
1959, cluding both Government and private projects, represented 
total commitments of more than $1.7 billion. This figure includes 
about $320 million for research and development work directly re- 
Be to specific reactors. 

126. Let me make clear that the survey on which these figures are 
based covers only projects which actually are under construction or 
active development, and excludes projects already completed, such as 
Shippingport, and projects announced as pl: inned but which are not 
yet in design stages. 

127. About $1 billion of the $1.7 billion total is for civilian proj- 
ects, the remaining $700 million foe military projects. Propulsion 
reactors for naval vessels account for about two-thirds of the military 
total. The bulk of the money still remains to be spent. We believe 
this represents a conservative estimate of the level of reactor activity, 
since the dollar figures do not include projects for propulsion of air- 
craft, critical experiments, small training reactors, and general re- 
search and development work, 

128. Eighteen reactor experiments and prototypes directed toward 
production of economical nuclear power accounted for $717 million. 
The Commission’s support totaled $252 million, and electric utilities 
were financing $465 million. 

129. The Commission, under the provisions of the Atomic Energy 
Act, has a responsibility to encourage widespread use of atomic en- 
ergy in such a manner as to strengthen free competition in private 
enterprise. 

130. From its inception the Commission has turned to private in- 
dustry to construct its facilities, and to industrial companies and edu- 
cational institutions for their operation. 

131. It continues to be Commission policy, announced first in 1956, 
that the Commission will cease to provide any service or product to 
the public whenever they can be provided under reasonable terms by 
private industry. 

132. The Commission has maintained a firm policy of procuring 
goods and services from private industry wherever practical. 

As you know, there has been discussion recently regarding the 
uvests of the Budget Bulletin 60-2, issued last September 1 in modifica- 
tion of previous bulletins on the same subject. This bulletin states 
that generally the Federal Government should not start or carry on 
any commercial industrial activity to provide a service or product for 


its own use if they can be procured from private enterprise through 
ordinary Sasineesclnaauls 
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134. We received letters from industrial groups asking that we 
review certain of our activities from the standpoint of the Bulletin. 
me response to industry has been placed before this committee. 

135. During 1959, the Commission took further action to increase 
private participation in atomic energy work. For example, it con- 
tinued efforts to procure fuel fabrication and proc essing services from 
private firms wherever possible. As a result, Commission contracts 
for such service valued at about $40 million were let during the year. 

136. The Commission also increased use of private facilities for 
recovery of unirradiated scrap. 

Chairman Anpverson. I think, Mr. Floberg, that we will put into 
the record the material which we received or which was released to the 
press on Friday, February 12, which was the full responsibility. I 
do not want to have to read it, but I think it is a good answer and ought 
to be put in the record. 

(The information referred to follows:) 


(NoTE TO EDITORS AND CORRESPONDENTS.—Attached for your information is a letter of the 
Atomic Energy Commission to the Chamber of Commerce of the United States, the 
Manufacturing Chemists’ Association, and the National Association of Manufacturers in 
reply to communications from these organiz ations concerning the Commission's applica- 
tion of the Bureau of the Budget Bulletin No. 60-2 on “Commercial- Industrial Activities 
of the Government Providing Products or Services for Governmental Use.’’) 


U.S. Aromic ENErGy COMMISSION, 
Washington, D.C., February 10, 1960. 
CHAMBER OF COMMERCE OF THE UNITED STATES, 
CoMMITTEE ON COMMERCIAL USES OF ATOMIC ENERGY 
(Attention: Jack H. Abernathy, Chairman). 


NATIONAL ASSOCIATION OF MANUFACTURERS, 
NvucLEAR ENERGY COM MITTEE 
(Attention: J. F. Fairman, Chairman). 


MANUFACTURING CHEMISTS’ ASSOCIATION, INC. 
(Attention: R. C. Johnson). 


GENTLEMEN: Your letters which submitted examples of Commission activities 
which you believe may constitute competition with industry within the meaning 
of Budget Bulletin 60-2 cover to a great extent the same activities. For this 
reason, a single reply seems appropriate. 

In carrying out its statutory responsibility to encourage widespread use of 
atomic energy in such a manner as to strengthen free competition in private 
enterprise, the Commission has maintained a firm policy to procure goods and 
services from private industry wherever practical. From inception the Com- 
mission has turned to private industry to construct for the Government the major 
facilities required for the production of fissionable materials and for the compre- 
hensive research and development program contemplated by the Atomic Energy 
Act. Government ownership of such facilities was found to be essential, since 
no reasonable way could be found to provide adequate incentives for private 
ownership of such specialized and costly facilities. 

Further, as a means of utilizing and expanding the skills of the entire national 
economy and to take advantage of know-how and proven business experience, 
the Commission engaged industrial companies and educational institutions to 
operate and manage these facilities. 

The continued use of existing Government facilities is clearly necessary in 
the public interest for the production of fissionable materials, the assembly of 
weapons, and the conduct of most advanced research and development. The 
facilities and skills of private industry are and will be employed when they are 
adequate to carry out specific activities in the military and peaceful applica- 
tions of atomic energy at the rate required to attain our national objectives. It 
should be emphasized, however, that the Commission must exercise care in dis- 
continuing a specific activity to assure that related actvities which are closely 
integrated do not unduly suffer in development, cost, or efficiency by reason 
of the divorcement. 
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In this new industry, the tempo of technological developments in many 
instances does not permit establishing precise specifications or assure a volume 
of repeat orders necessary to attract the investment of private capital in the 
specialized facilities, equipment, and personnel required. Consequently, there 
still remain areas of the Commission’s work where it is premature to expect 
that such work can be procured from private industry on a competitive basis. 
Furthermore, we have a responsibility to avoid the concentration of services 
with a single source of supply, particularly under circumstances where such 
concentration might constitute a preemption of the market which would dis- 
courage widespread participation in the uses of atomic energy. 

We recognize that as the atomie energy industry grows, there will be areas 
of activity appropriate for transfer from Government to private operation. 
Numerous products and services formerly provided exclusively in Government 
facilities are now procured commercially, major examples being fabricated 
beryllium shapes, hafnium and zirconium products, uranium hexafluoride, and 
fuel elements for many nonproduction reactors. It is Commission policy to con- 
tract with private firms for the performance of title I and title II engineering 
of both nuclear and nonnuclear portions of the plant, unless the nature of the 
work and the circumstances clearly dictate otherwise. Also, it is Commission 
policy, announced in 1956, that the Commission will cease to provide any service 
or product to the public whenever such service or product can be provided under 
reasonable terms by private industry. 

The examples presented in your letters are concerned, in large measure, with 
specific activities within a production or research and development complex. 
Many of these activities have been carefully studied over a period of years for 
feasibility of separate contracting. A major reason for contracting with indus- 
trial concerns was to have our facilities operated in accordance with sound and 
proven business practices. Such business practices include procuring goods 
and services from specialized concerns wherever such concerns can satisfactorily 
furnish the product required and when to do so is sensible, economical, and 
consistent with the efficiency of integrated operations. 

A typical example of the practices applied is contained in the following state 
ment of policy of one of our major industrial contractors: 

The determination of the method by which these services will be performed 
is made in accordance with normal private industrial criteria, modified to 
the extent necessary to comply with existing AEC directives and applicable 
Federal law. 

These criteria include, but are not necessarily limited to, the following: 

(1) Costs—By what method and by whom can the service be performed 
at the least possible cost? 

(2) Relationship to the manufacturing process—How dependent is the 
process on the service being studied? Would an interruption in the service 
have a serious detrimental effect on the process? 

(3) Availability from commercial sources.—Is the service available com- 
mercially at a competitive price? Is there sufficient productive capacity in 
commercial sources to assure delivery of needed quantities? Is the geo- 
graphical location of the source or sources an advantage or disadvantage? 

(4) Volume of work.—Is the volume sufficient to make it feasible for 
contracting? 

(5) Security requirements.—What effect do the related security require- 
ments, if any, have on the method of performing the service? 

(6) Developmental aspects.—Is the design of the material or service suffi- 
ciently clear so that it is possible to contract without excessive cost? 

(7) Contamination—Is the material contaminated above limits which 
can be released to commercial sources? 

As applied to the Commission’s operations, such typical business criteria are 
supplemented as applicable by other Government criteria such as those contained 
in the recent Budget Bulletin 60-2. Such supplementation provides, for example, 
that the elements of cost as provided for in Budget Bulletin 60-2 be considered 
in making comparisons between the cost of providing services at the Government- 
owned plant and the cost of procurement from commercial sources. Further- 
more, our contractors are specifically advised of activities where it is Commission 
policy to subcontract to private industry. It is our practice to make surveys and 
appraisals of operations at Government-owned installations to review the con- 
tinued application of these criteria. By effective application of such criteria, 
evidenced by thousands of contract actions annually for research, engineering, 
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construction, equipment, and supplies, a wide range of enterprise in the atomic 
energy industry is being developed. 

For each of the activities cited as examples in your letters, we have prepared 
comments which are attached. Many of the examples are in areas of future 
activities in which we look forward to either initial or increasingly greater 
industrial participation on a commercial basis, while others generally fall into 
the following categories : 

(1) Activities where industry is already engaged in the normal conduct 
of the work. 

(2) Activities which are closely integrated with plant operation and in 
accordance with accepted industry practice should remain integrated. 

(3) Activities which are in such a fundamental stage of development that 
the coordinated use of the skill and facilities at Government-owned instal- 
lations is still required. 

(4) Activities where large volume is dependent upon military require- 
ments and where extremely large plant investments have already been 
made by the Government, or where the volume of activity is so small, 
sporadic, and nonstandardized as to make it impractical or uneconomical to 
contract for separately. 

(5) Activities for which there is no known competitive commercial 
capacity. 

We trust that this letter and our attached comments on the examples you 
have cited will provide a better understanding of the Commission’s policy and 
practice regarding the utilization of private enterprise in fulfilling its responsi- 
bilities under the Atomic Energy Act. We will continue to examine commercial- 
industrial activities of the Commission in the light of the growing capability 
in the private atomic energy industry. For this purpose we will welcome at 
any time expressions from industry of their capability to provide additional 
services and products through ordinary business channels. 

Sincerely yours, 

JOHN F. Fiopere, Acting Chairman. 


(Attachment to the Commission's reply to the Chamber of Commerce of the United States 
(C. of C.), the Manufacturing Chemists’ Association (MCA), and the National Associa- 
tion of Manufacturers (NAM): Comments on AEC activities cited as examples of 
competition with industry within the scope of Bureau of the Budget Bulletin No. 60—2) 


I. FUEL ELEMENT DEVELOPMENT AND FABRICATION 


A vital part of any reactor is the fuel element with which it operates; the 
success or failure of a particular reactor experiment, prototype, or power reactor 
depends strongly upon whether a suitable fuel is available. Just what consti- 
tutes a suitable fuel depends upon the purpose of the experiment. Thus, in a 
zero power reactor the composition, weight, dimensions, and uniformity of the 
fuel are of controlling importance: resistance to irradiation damage is of very 
little interest. On the other hand, fuel for a high-temperature, high-burnup 
reactor must have a high degree of irradiation stability. Thus, the fuel must 
be tailored to fit the experiment. The fuel itself is experimental in nature. 
In the continuing effort to improve the fuel, successive loadings of the same 
experimental reactor are usually different, each type of loading being used only 
once. The Commission carries on an extensive program in the development of 
suitable fuel elements; this work included the development of fuel and cladding 
materials; the determination of their physical, mechanical, and thermal prop- 
erties, and their behavior under irradiation and thermal cycling; and develop- 
ment of methods of melting, casting, fabrication, and testing. 

This program is so broad that it involves not only most of the Commission's 
laboratories and operating contractors but also a very large portion of the pro- 
gram is being conducted by commercial firms. In an action announced March 13, 
1959, contracts with contemplated expenditures totaling over $25 million were 
awarded to 18 firms. 

Outside of purely experimental tasks which must be closely coordinated 
with other development work, it is the Commission’s general policy to obtain 
fuel element manufacturing services, other than for the production reactors 
at Hanford and Savannah River, from commercial sources. Our general policy 
is to procure reactor materials from commercial suppliers whenever adequate 
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facilities, skills, and experience exist in commercial laboratories and the time 
schedule can be met. In addition, whenever it is feasible, we are now pro- 
curing end items containing nuclear materials rather than separately pro- 
curing materials and fabrication. The ability of industry to produce accord- 
ing to requirements has increased very appreciably in the last 5 years or so, 
and more and more of the requirements are being met from industrial sources. 

To illustrate the extent to which procurement from commercial sources has 
progressed, there follows a tabulation of the enriched uranium which has 
been furnished to all sources outside the weapon’s production chain, showing 
the proportion furnished in the form of UF. compared to that furnished in a 
form requiring additional processing in AEC facilities: 


Furnished in form other Furnished as U Fy 
than UF, 
Fiscal year Total ; , 
(kilograms) | | 
Kilograms Percent of | Kilograms Percent of 
total total 
' 
| Percent Percent 
1958 a ceded’ 45, 000 | 21, 000 | 47 24, 000 53 
1959 116, 500 | 6, 500 6 110, 000 o4 
1940 (5 months through Nov | 
30, 1959 | 42, 500 1, 500 | 4 41, 000 96 
| 
i 


Comments on specific cases mentioned in the letters follow: 


EXPERIMENTAL GAS-COOLED REACTOR 


C. of C. Vi-I: “Enriched uranium and/or pellets for the gas-cooled reactor 
project at the Oak Ridge National Laboratory.” 

MCA-5: “Enriched uranium oxide and/or pellets for the gas-cooled reactor 
project at ORNL.” 

NAM-—A1b: “Supply of enriched uranium oxide, pellets, or metal for gas-cooled 
reactor project; * * *.” 

Oak Ridge National Laboratory (ORNL) is currently preparing the design 
and specifications for the fuel element and materials so that the core loading 
can be procured from industrial sources following normal procurement prac- 
tices. In the development of this element, ORNL has attempted to procure 
from industrial sources enriched UO, and/or UO, pellets which meet its speci- 
fications. Experience to date has been disappointing in that ORNL has been 
unable to obtain the necessary quantities of acceptable materials. The yields 
have been disappointingly low, the schedules have had to be changed at the 
convenience of suppliers, and in all cases ORNL has obtained the pellets it 
required only by relaxing the specification. 


PROCESS HEAT REACTOR 


C. of C. 1-2: “The conversion and fabrication of fuel elements for the process 
heat reactor project to be built at Point Lomas, San Diego, Calif.” 

MCA-4: “Conversion and fabrication of fuel elements for the process heat 
reactor project to be built at Point Lomas, San Diego, Calif.” 

NAM-—Ala: “Conversion from UF. * * * for process heat reactor to be built 
at Point Lomas, Calif.” 

The invitation to reactor manufacturers to supply the reactor and certain 
primary system components included all of the internals and the reactor core 
with 14 percent spares. This invitation was issued in October 1959, and a 
tumber of proposals from manufacturers had been received and were being 
evaluated when the letters to which this reply is addressed were received. All 
of the fixed-price proposals received contemplate commercial supply of these fuel 
elements by the selected proposer. The Commission is supplying UF;; all 
other services will be obtained commercially. 


BULK SHIELDING REACTOR AND LOW-INTENSITY TEST REACTOR 
C. of C. I-1: “The Oak Ridge National Laboratory makes the fuel elements 


for most of its reactors. Examples include the bulk shielding reactor and the 
LITR.” 
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Private sources of supply for procurement of replacement fuel elements for 
the LITR and BSR are not used for the following reasons: The demand for 
these elements, based on data accumulated during the past 5 years, indicates 
the following average yearly requirements: LITR, 15 elements; BSR, 5 ele 
ments. The number of replacement elements is low because of the low power 
at which these reactors operate. (The BSR operates from zero to 100 kilowatts 
and the LITR at 3 megawatts.) Since the BSR and LITR are used to test 
experimental fuel assemblies, about 25 percent of the replacement fuel elements 
are not standard. Dies and fixtures are available for these specific elements 
so that the small number required can be produced by laboratory staff as 
“fill-in” work. 


MATERIALS TESTING REACTOR AND ENGINEERING TEST REACTOR 


MC A-7: “Supply of enriched uranium for ETR and MTR fuel elements.” 

NAM-A1b: “Supply of enriched uranium * * * metal for * * * ETR and 
MTR at Arco, Idaho * * *.” 

The original MTR fuel elements were fabricated at Oak Ridge prior to avail- 
ability of commercial sources. The first MTR replacement also was the first 
core for an AEC reactor to be obtained from a commercial fabricator. Since 
then, all cores have been fabricated commercially : 

Materials Testing Reactor : 
Replacement quantity 17: Babcock & Wilcox. 
Replacement quantity 27: Clevite. 
Replacement quantity 3’: General Electric. 
Engineering Test Reactor: 
Original quantity : Babcock & Wilcox. 
Replacement quantity 1*: General Electric. 

While the Government furnished metal in each of these cases, the statistics 
previously cited indicate the effectiveness of AEC’s efforts to obtain the proc- 
essing services from commercial sources. In the most recent case (MTR re- 
placement No. 3) the invitation requested proposals on both bases (i.e., use of 
commercially procured metal or use of Government-furnished metal). The 
decision to use Government metal was based on the price differential analyzed in 
accordance with BOB Circular 57-7 (the predecessor to BOB Circular 60-2). 


NUCLEAR ROCKET PROGRAM—PROJECT ROVER 


C. of C. I-8: “The conversion and fabrication of the fuel elements for the 
nuclear-rocket program (Project Rover).” 

MCA-6: “Conversion and fabrication of fuel elements for the AEC’s nuclear 
rocket program at Livermore.” 

NAM-Ala: “Conversion from UF. and fabrication of fuel elements for AEC 
nuclear rocket program at Livermore; * * *.” 

Responsibility for all research and development for the nuclear propulsion of 
rockets (Project Rover) is assigned to the Los Alamos Scientific Laboratory. 
Enriched uranium metal for Rover fuel elements is drawn from the inventory 
maintained at Los Alamos for the weapons program, and fuel element fabrica- 
tion work is performed in the same facility in which development of uranium 
fabrication techniques is carried on for the weapons program. The material for 
Rover is a relatively small proportion of the amount fabricated in that facility. 

At present, every Rover reactor is different. Fuel elements requirements and 
technology are still in development, and cannot yet be described by definite and 
inclusive specifications. In view of the frequent and last-minute changes in 
design details and characteristics to be sought, fuel element fabrication for the 
current, research-type Rover systems must continue as an activity performed 
directly by the Los Alamos Scientific Laboratory. 

At later stages when there are repetitive tests of a single design, the degree 
of standardization may permit commercial procurement of both the conversion 
and fabrication of uranium for Rover fuel elements. 


NAVAL REACTORS 


C. of GC. ITI-1: “Conversion of enriched * * * uranium from UF. as required 
in the ‘Nuclear Navy’ for metal, alloys, or uranium compounds.” 


1One year’s supply. 
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MCOA-1: “Conversion of all enriched uranium from UF. as required in the 
‘Nuclear Navy’ for metal, alloys, or uranium compounds.” 

NAM-A1b: “Supply of * * * all uranium alloys or compounds for the ‘Nu- 
clear Navy.’ ” 

Practically all of the highly enriched uranium utilized in these cores is ob- 
tained from scrap metal in the form of trimmings left from material utilized in 
the weapons program. These trimmings are chopped into small pieces and 
shipped to the core manufacturer who performs all further processing and fab- 
rication operations involved in the manufacture of the fuel elements. 

There are now five private companies supplying reactor cores for the naval 
reactors program on a fixed-price, competitive basis. Through calendar year 
1959, contracts totaling approximately $200 million have been awarded to private 
industry for fuel fabrication. 

These companies now manufacture all reactor cores for the naval reactors 
program with the exception of some first reactor cores of a type which are of a 
highly developmental nature. However, many of the parts, even for these first 
developmental cores, are manufactured by private industry rather than in the 
Commission’s Bettis and Knolls Atomic Power Laboratories. In this connection, 
it is also significant that a substantial portion of these parts for developmental 
cores which are subcontracted to private industry are in themselves of a develop- 
mental nature. This type of subcontracting from the Bettis and Knolls Atomic 
Power Laboratories to private industry has been increasing, commensurate with 
industry’s capability to handle such work. Thus, the fuel fabrication work that 
remains in these laboratories is only that which is of a highly developmental 
nature and pertains specifically to the first core of a new design being developed 
at the laboratory. 


SUBCRITICAL TRAINING REACTORS 


MCA-12: “Conversion and fabrication of uranium elements required for sub- 
critical training reactors for educational institutions.” 

NAM-Ala: “Conversion from UF; and fabrication of fuel elements * * * 
for subcritical training reactors * * *.” 

Educational institutions, as of January 1960, possess or are planning to 
acquire 2 enriched uranium and 84 natural uranium subcritical training re- 
actors. The fuel is furnished by the AEC without charge to the institutions. 
The enriched fuel is fabricated commercially and the natural uranium fuel is 
furnished by the AEC from its supply of reject slugs at Savannah River. It 
is anticipated that in the next several years educational institutions will require 
approximately 25 new subcriticals per year. 

Since these are vital to the educational programs on which both industry and 
Government must rely for new trainees for this expanding industry, it is de- 
sirable to provide the facilities so that the greatest number of training programs 
ean benefit. Use of material which does not meet the production reactor 
specifications is a suitable and economical means of increasing the effectiveness 
of the training program. 

NUCLEAR RAMJET PROJECT 


C. of C. VI-2: “Enriched uranium for the nuclear ramjet project.” 

On the original order for fuel for the Tory II A, the conversion from UF’ 
to U;0O; was performed by the Commission’s Oak Ridge Y-12 plant. Y-12 was 
used for this job on the basis of a technical evaluation of capability. Because of 
the unique and stringent chemical specifications for the U;0Os, it was determined 
that no source other than the highly experienced Y-12 plant could be reasonably 
expected to perform this conversion job on the required schedule and at an 
acceptable cost. It is anticipated that future requirements for conversion of UF. 
and the fabrication into fuel materials will be obtained commercially, providing 
that commercial capability exists to provide these services at reasonable cost and 
upon the required schedules. 


PIQUA AND HALLAM REACTORS 


MCA-13;: “Production of enriched uranium metal for the Piqua and Hallam 
reactors.” 

Present plans for both the Piqua and Hallam reactor projects are that the fuel 
conversion will be done commercially. Fabrication in both cases will be by 
Atomics International, the AEC prime contractor for construction of the reactor. 
In both cases, arrangements have not yet been completed. 
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HEAVY WATER COMPONENTS TEST REACTOR 


WCA 11: “Production of uranium for heavy water component test reactor being 
built at Savannah River.” 

C. or C. I-4: “Savannah River is also doing fuel element development work. 
This includes the conversion and fabrication of fuel elements for the fuel element 
heavy water test reactor being built at Savannah River.” 

VAM-—-Ala: “Conversion from UF, and fabrication of fuel elements for heavy 
water components test reactor at Savannah River.” 

The driver and fuel elements for the HWCTR are not being manufactured at 
the Savannah River plant. This work is being carried out in commercial facil- 
ities, Nuclear Metals, Inc., Concord, Mass., under a Du Pont subcontract. The 
contract for this work was awarded after a survey of six fuel element manu- 
facturing concerns Which appeared to have the experience and facilities for 
making tubular metallic fuel elements. In the case of the driver tubes, the 
small number required resulted in little interest by industry in this operation. 
It was indicated, however, that should significantly larger numbers of tubes be 
required, industry would be interested in submitting bids. In the case of the 
HWCTR fuel elements, these are still in the development stage. Considerable 
development work and testing are required before establishing a firm design for 
this element. Nuclear Metals has been engaged to do much of the development 
work and to supply the necessary test elements during the development period. 


SAVANNAH RIVER AND HANFORD PRODUCTION REACTORS 


C. of C. I-4: “The Savannah River site makes some fuel elements for its 
reactors. Savannah River is also doing fuel element development work.” 

C. of C. I-5: “Fuel elements for the Hanford site are fabricated in Govern- 
ment facilities.” 

The manufacture of fuel elements for production reactors has been accom- 
plished in Government-owned facilities operated by industrial contractors since 
the initiation of production activities during World War II. As the AEC pro- 
gram expanded, additional capability was provided to meet the increased re- 
quirements. The current operating facilities at Fernald and Weldon Spring 
represent a Government investment of about $165 million. These facilities are 
operated by industrial companies under cost-type contracts. 

There is no privately owned industrial facility in being which can meet the 
requirements of the production program. It is not considered feasible to con- 
tract for production reactor fuel element fabrication in privately owned facilities 
at fixed prices, chiefly because of the frequent and substantial changes which 
are required in fuel element types, specifications, and quantities resulting from 
new conditions in the production reactors. The operation of fuel fabrication 
plants must be closely integrated with production reactor operations and thereby 
with weapons production schedules. In order to accommodate new operating 
requirements without delay, any fixed-price arrangement with a private supplier 
would necessarily involve price renegotiation to offset changes in costs as require- 
ments change. Such an arrangement would approach closely a cost-type con- 
tract similar to those which now exist between the companies operating AEC's 
fuel fabrication facilities and the AEC. 

Because the level of production is directly related to weapons requirements 
and reactor performance, both of which are subject to substantial change on 
Short notice, because it is difficult to set firm specifications, because civilian 
requirements are so low that this capacity could not be fully utilized for peaceful 
purposes for many years, and because of the large investment already made in 
AEC plants, the establishment of duplicate fabrication facilities by industry 
would not be in the best interests of either the Government or industry. 


NEW PRODUCTION REACTOR 


C. of C. ViI-3: “Enriched uranium metal and/or fabrication for the new 
Hanford production reactor.” 

VCA-8: “Enriched uranium metal and fabrication of fuel for the NPR at 
Hanford.” 

NAM-Alb: “Supply of enriched uranium * * * metal for * * * NPR at 
Hanford * * *.” 

The new Hanford production reactor, which ts being built on an accelerated 
time schedule, wil use metallic uranium fuel elements under temperature condi- 
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tions similar to those which are found in current power reactors. This operating 
condition, representing a substantial departure from other AEC production re- 
actors, requires that an extensive fuel element process development program be 
conducted to develop specifications and fabrication and testing techniques. 
This work is being performed concurrently with the design and construction of 
the reactor. To avoid delay in startup of the new reactor, the installation of 
the fabrication facilities must also proceed concurrently with the construction of 
the reactor, even though firm specifications are not available. Since even 
process specifications are not firm and would not be subject to change as op- 
erating experience is gained, contracting with industry for these fuel elements 
at this time could only result in the AEC’s entering into a cost-type contract for 
the operation, similar to those now in effect between AEC and the contractors 
operating plants. Since the AEC already has in existence or will install for the 
development program much of the equipment required to process the uranium 
and fabricate the proposed type of fuel elements, the incremental AEC invest- 
ment required will not be major. 

However, since industry has indicated possible interest and capability for 
performing these operations, arrangements have been made for an industrial 
group to review the question of production of NPR fuel elements in private 
facilities. Their report has now been received but the Commission has not 
had an opportunity to evaluate its recommendations. 


II. REAcTOR DESIGN AND DEVELOPMENT 
GENERAL 


NAM-Cld: “Design, construction, and testing of reactors, reactor prototypes, 
and reactor experiments for which industrial capacity and capital exists.” 

Research, development, and experimentation in the general field of advanced 
reactor development by AEC laboratories is a prime responsibility of such 
installations. The Chamber of Commerce itself recognizes this role of the AEC 
in section VIII of its letter. The design of an advanced reactor cannot in 
reality be divorced from the development effort leading up to the actual proto- 
type reactor itself. 

To the maximum extent consistent with the paramount objective of obtaining 
the desired technical data for which it is necessary to build a prototype of a 
particular reactor type, it is the intention of the Commission to construct 
prototype plants under cooperative arrangements with utilities, public or private. 
It is highly desirable to have power reactor prototypes integrated into power 
systems to secure information on compatibility and performance and on mainte- 
nance and operation. The Commission plans to construct such facilities on its 
own sites only if responses to invitations are not received or are not accept- 
able. All power reactor prototypes constructed by the Commission, whether 
at a utility or Commission site, are designed and constructed under contract 
by private companies with the Commission generally specifying only the re- 
actor conceptual design, approximate power size, and general objectives, plus 
such specific parameters as are necessary to assure obtaining the information 
which the reactor is intended to provide. 

With respect to experimental reactors and reactor experiments, these are for 
the most part designed by Commission laboratories, with that portion of the 
design which is not a direct outgrowth of the experimental program being 
furnished by architect-engineers. Among the more important reasons for as- 
Signing to the laboratories, the primary responsibilty for sueh projects are: 
(1) they are generally merely an extension of a planned laboratory program 
and, as such, are of more benefit when designed, operated, and altered as needed 
to accomplish the project objective, by the laboratory personnel: (2) due to the 
experimental nature of the project, specifications are developed as the work 
proceeds and a complete set of specifications is not available for the solicitation 
of bids from industry; (3) in many cases, the experiments are merely modifi- 
cations of previous experiments; and (4) ancillary equipment already existing 
at Commission sites can be used which reduces the cost of the project and the 
time and effort required for setting up the experiment. 

Detailed comments are given below and, in general, these comments are 
applicable to the general design, construction, and testing of AEC reactors. 
Current policy is that conceptual design will be made by the best qualified 
organization. However, title I and title II type work is normally contracted 
for with engineering firms. 
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OAK RIDGE RESEARCH REACTOR 


C. of C. II-8: “Oak Ridge National Laboratory’s title 1 and title 2 design 
of ORR.” 

The Oak Ridge National Laboratory had responsibility for design of the 
ORR. However, titles I and II design services required for this facility were 
by no means accomplished exclusively by members of the ORNL engineering 
staff. A private organization—the McPherson Co. of Greenville, S.C.—per- 
formed a significant amount of the title II design work. The McPherson Co. 
participation in the design of the ORR included the design and preparation of 
working drawings and specifications for the complete reactor building, building 
services, utilities, reactor shield, reactor pool, and reactor cooling system. Oak 
Ridge National Laboratory, as the Commission’s operating contractor, had 
direct responsibility for initiating and developing the overall concept for the 
facility, for the preparation of design criteria for all phases of the project, 
and for the definitive design of the reactor proper including instrumentation 
and controls. 

The latest figures on total cost of the ORR show that less than 6 percent was 
expended by Oak Ridge National Laboratory engineering forces on design which 
could be considered as title I or title II engineering. Approximately one-third 
of the 6 percent was expended in preliminary work required to develop design 
criteria and specifications necessary for the design work to proceed. The re- 
maining 4 percent was expended in coordination of the work with the archi- 
tect-engineer and in design of the reactor proper and the reactor control system. 


HIGH-FLUX ISOTOPE REACTOR 


C. of C. II-1: “Oak Ridge National Laboratory’s design of a high-flux isotope 
producing reactor.” 

It is anticipated that all title I and title IT design of all portions of this job 
will be performed by an architect-engineer except for the design of the core 
and control systems. The control system components will be purchased from 
industry. Those portions of the job to be designed by an architect-engineer are 
a major fraction of the project. 

The performance of this reactor will exceed by a large factor the perform- 
ance of any existing reactor and is higher by a factor of nearly 2 than any other 
proposed high-flux reactor. It represents a sizable extrapolation of existing 
technology. In order to accomplish the research aims of the reactor, it is 
necessary to advance the limits of current technology. We believe it to be the 
purpose of our national laboratories to perform this type of development. 


BEAM RESEARCH REACTOR 


C. of C. II-2: “Brookhaven National Laboratory’s preliminary design of the 
beam research reactor.” 

The high-filux beam reactor will be used principally for research projects that 
require external beams of neutrons at both thermal and epithermal energies. 
The conceptual design study of a new and advanced research reactor was largely 
an effort to develop the best compromise of the needs of the experimenters, the 
actual performance of a chosen fuel and moderator array as determined by 
critical experiments, and engineering considerations of cost, safety, and general 
feasibility. Even on this conceptual study Brookhaven was assisted by an in- 
dustrial company, and in July 1959 statements of interest concerning all phases 
of the design, equipment procurement, and management of construction of the 
reactor were solicited from 12 industrial companies. Nine proposals were 
subsequently received and we are currently negotiating with one of the com- 
panies for this work. 

SANDIA TEST REACTOR 


C. of C. II-5: “Sandia and Los Alamos design work for the Sandia test re- 
actor.” 

As of December 31, 1959, this facility was 31 percent complete and is expected 
to go critical in late 1960. 

All design aspects of the building and practically all design aspects of the 
reactor and associated equipment were handled through contracts with outside 
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concerns. The designs of the reactor and associated equipment were based 
almost entirely on other components and fuel elements already in existence, 
and involved only minor design modifications. The total design effort for the 
reactor and associated equipment was covered by approximately $75,000 in out- 
side design contracts, plus approximately 4 man-years of combined Sandia and 
Los Alamos time over a 3-year period. The Sandia-Los Alamos effort in this 
area was the minimum necessary to keep Sandia personnel sufficiently knowl- 
edgeable to insure that it would get what it needed to do its job and to provide 
a background for the operation of the reactor. 


PROCESS HEAT REACTOR 


C. of C. II-7: “Argonne National Laboratory’s title I design of the process 
heat reactor.” 

The ANL made an evaluation study of those reactor concepts which are 
proven to see if any such concept is particularly suitable for this application. 
The AEC also requested the laboratory to provide a report on the conceptual 
design for the selected reactor concept and an outline for the research and de- 
velopment program for such a reactor. The title I design of the process heat 
reactor was not performed by Argonne but by Sargent and Lundy. 


NATURAL CIRCULATION REACTOR 


C. of C. II-8: “Knolls Atomic Power Laboratory’s work on a natural circu- 
lation reactor for the Navy.” 

The development of a reactor plant for naval operation is quite different in 
many respects from the development of a stationary reactor plant. The com- 
pactness of the reactor system, the high-power density, the shock and vibra- 
tion requirements, the maneuvering capabilities, and the operation of the plant 
under varying conditions of inclination gives rise to problems not encountered 
in a land plant. The natural circulation reactor plant is a new concept for 
naval application, and its successful and timely completion as well as its fur- 
ther advancement requires full exploitation of pertinent naval reactor technology. 
The Commission laboratories which have specialized in naval research and 
development work for about 10 years are, to our knowledge, the only organiza- 
tions having the necessary technical talent, experience, and special facilities 
for undertaking this project in the most expeditious manner. 


ARMY LOW-POWER REACTOR 


C. of C. II-11: “Argonne National Laboratory’s development of the Army 
low-power reactor.” 


NAM-—Cle: “The first reactor in the Army low-power reactor program was 


fabricated by an industrial concern at its own facilities, but the second will 
be fabricated in a Government-owned facility.” 
We assume that the SM-—1 plant at Fort Belvoir is the “first reactor’ and 


the SL-1 (formerly ALPR) at the National Reactor Test-Station is the “second.” 

In the light of a known interest of the Department of Defense in a nuclear 
power plant of approximately one-tenth the capacity of the SM-1 at Fort Bel- 
voir, six separate reactor concepts were investigated to determine which could 
best meet the requirements of the Department of Defense. These studies were 
made between January and June 1955. Of the various systems investigated, 
the boiling water system study by the Argonne National Laboratory appeared 
to be most suitable for this purpose. 

Inasmuch as there was no industrial experience with power reactor systems 
developed at that time, Argonne was requested to undertake development and 
construction of the prototype 200-300 Kwe. plant which the Department of 
Defense requested in September 1955. In the course of constructing this plant, 
Argonne used subcontracts with many industrial firms. An industrial firm was 
awarded a contract to fabricate the fuel elements, but defaulted because it was 
unable to fabricate elements meeting the prescribed standards. In order that 
the project completion date would not be jeopardized, the fabrication of the core 
was undertaken by Argonne Laboratory. Since completion, the plant has been 
operated by Combustion Engineering. 


%29>9—60——6 
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Ill. THorrum 


C. of C. VI-8: “Supplying AEC’s needs for thorium alloy, thorium oxide, 
thorium carbide, =o 

UVCA-14: “Supply of thorium oxide for the homogeneous development program 
at ORNL.” 

WCA-15: “Supply of thorium metal for special projects at Los Alamos, Sandia, 
and Lawrence Radiation Laboratory at Livermore.” 

VAM-Cla: “Supply of thorium oxide for homogeneous reactor development at 
ORNL.” 

NAM-C1b: “Supply of thorium metal for special projects at Los Alamos, 
Sandia, Lawrence Radiation Laboratory at Livermore.” 

The AEC presently has no production capacity either operating or available 
for the processing of thorium to metal, A small pilot plant for preparation of 
special types of thorium oxide powders is in operation at ORNL. Several years 
ago a thorium metal pilot plant was built at Fernald site and operated for a 
short period. Since the anticipated requirements for thorium which were the 
basis for the Fernald pilot plant effort did not materialize, the facility was 
shut down in 1955 and has been dismantled. During its period of operation, 
the plant produced a small inventory of thorium metal and compounds from 
which the small needs which have developed since 1955 have been supplied. It 
is intended that future requirements of comparable size would continue to be 
supplied from this inventory as long as available. The ORNL pilot plant, on 
the other hand, is preparing thorium oxide powders in an effort to produce oxide 
having desirable slurry properties for use in the homogeneous reactor program. 
Oak Ridge has also procured sample quantities of oxide from industry for 
testing. Development work on preparation of acceptable powders supported by 
AEC funds has been carried out by ORNL and several private companies. The 
development program at ORNL is still under way. At such time as an oxide 
has been developed having the desired slurry properties for which a specifica- 
tion can be set, we would seek to obtain thorium oxide for use in homogeneous 
reactors from commercial sources, 

Current thorium operations are limited to development efforts on the utilization 
of this element in AEC programs. There are some indications that there may 
be a continuing requirement for modest quantities of thorium metal which 
would exceed the current inventory. Should such develop, AEC will obtain 
the metal by procurement from commercial sources. 


IV. DESIGN OF FACILITIES AND EQUIPMENT 
HOT CELLS AT ARGONNE NATIONAL LABORATORY 


C. of C. II-4: “Argonne National Laboratory's title 1 and title 2 design of 
hot cells for its new research laboratory.” 

It is assumed that reference is made to the hot cell area in wing F of the 
Fuels Technology Center, now under construction. The title I and title II 
designs of the building were carried out completely by a private architect-engineer 
(Singmaster & Breyer on the basis of preliminary designs prepared by Argonne). 
The design of the manipulator, windows, and internal cave hardware is being 
carried out by Argonne because of the experimental nature of the design con- 
cept. In this particular case the cave equipment is being designed so that the 
operations can be carried out for extended periods of time without the need for 
access by personnel. The design concept represents a complete departure from 
present operating techniques and requires a large advancement in all aspects 
of remote handling equipment. This new research metallurgy facility must be 
gastight to contain an inert atmosphere. No existing type of master slave 
manipulator is designed to operate under these conditions. Although the need 
for this new approach to remote handling has been discussed in open forums, 
no commercial company is working on this problem to the best of our knowledge. 

It was also felt that the design of these features should be carried out by 
scientists and engineers who have already used such facilities and are ac- 
quainted with other problems in the design of remote handling and viewing 
systems. 

NUCLEAR RAMJET ENGINES 


C. of C. II-6: “The Government's University of California Radiation Labora- 
tory’s design, test, and fabrication of nuclear ramjet engines.” 
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The function of this program is to determine the feasibility of and construct 
a huclear reactor as a ramjet engine and does not include design, test, and fab- 
rication of nuclear ramjet engines on a production basis. The laboratory is sub- 
contracting as much of this project as is feasible, considering the technical re- 
quirements and schedules involved. Subcontracts with industry currently amount 
to about 45 percent of the laboratory's budget for the project. 


PHERMIONIC CELLS 


(. of C. TI-9: “Los Alamos’ experimental work on thermionic cells to convert 
fission energy directly to electricity.” 
This item refers to the “plasma thermocouple,” 


a present research project at 
the Los Alamos Scientific Laboratory. 


As far as we are aware, the basic idea 
originated at LASL where technology in the exotic materials involved (uranium 
and zirconium carbide), scientific competence, and adequate laboratory facilities 
required are available. 

This field of research is unclassified and completely open to indusry. The AEC 
welcomes parallel research by industry and the publication of the results of such 
research. LASL has published numerous documents in this area and has briefed 
many industrial organizations upon their work. 


t 


We encourage our laboratories 
to nndertake frontier research of this nature. 


V. DEPLETED URANIUM 


(. of C. Ill-t: “Conversion of depleted uranium from UF, as required in the 
‘Nuclear Navy’ for metal, alloys, or uranium compounds.” 

(. of C. lil-—2: “Depleted uranium metal for an AEC shielding cask project 
at Schenectady.” 

VWCA-2: “Depleted uranium for all activities at the national laboratories with 
specific attention directed to the conversion of depleted uranium from UF, and 
the fabrication of blanket fuel elements for the zero power reactor at Argonne 
National Laboratory.” 

WCA-—3: “Conversion from UF, of depleted uranium required for shielding 
cask at Bettis Field representing approximately 40 tons of cylindrical casting.” 

VWCA-9: “Depleted uranium metal for AEC shielding cask at General Electric, 
Schenectady.” 

VAM-A2a;: “Supply of blanket 
gonne National Laboratory.” 

VAMW-A2b: “Conversion from UF 
cask at Bettis Field.” 

VAWV 


tady.” 


fuel elements for zero power reactor at Ar- 
of depleted uranium required for shielding 
12c:; “Supply of depleted metal for shielding cask project at Schenec- 


Depleted uranium metal is used to a very limited extent in the naval reactors 
program as a shielding material in certain refueling equipment where compact- 
ness is required. Specifically, it has been used in the refueling equipment for 
the S8G and ALW type reactor plants. The depleted uranium for this equipment 
was fabricated into the desired shapes at Oak Ridge. The events leading to the 
decision to do the work at an AEC facility can be summarized as follows: In 
1957, representatives from 11 private industrial concerns were invited to a pre- 
hid conference called to determine whether commercial vendors were technically 
capable of fabricating the depleted uranium shielding components for the S3G 
refueling machine developed and being manufactured by the United Shoe Machin- 
ery Corp. Three companies responded. As a result of this conference, the de- 
cision was made to perform the fabrication work at Oak Ridge because the capa- 
bility of the three interested commercial vendors was uncertain, whereas it was 
evident that Oak Ridge had an established capability to perform this work. All 
three of the interested vendors lacked experience in casting the required depleted 
uranium alloy, and it was questionable whether their facilities could handle the 
size of the castings required. Similarly, starting in 1956, the United Shoe 
Machinery Corp. designed and developed for the Bettis Laboratory a maintenance 
and refueling machine for use with the A1W) type 1 and 2 reactor cores. De- 
pleted uranium for this machine was also procured from Oak Ridge. 

It is probable that the questions concerning the ZPR refer to the ZPR-VI 
and -IX blanket for which procurement was initiated in November 1959. (The 
last procurement for ZPR—-ITT was in 1957-58.) Bids were requested for conver- 
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sion of UF’. to metal and commercial suppliers have been selected for both con- 
version and fabrication steps. 

In another case, that of the EBR-II blanket material, an exception was made 
to the general policy of using commercially available facilities, based on the 
apparent price differential that existed. 


VI. IRRADIATION SERVICES 


C. of C. V: “Preference should be accorded private irradiation facilities in 
place of the current preference for loading Government facilities first. This is 
the best way of encouraging more private capacity. Underloaded commercial 
facilities exist whereas it is our impression that the Government-owned facili- 
ties are heavily loaded. AEC’s practice of offering space in the Government- 
owned MTR and ETR should be limited to only those specific cases where pri- 
vate facilities are unavailable.” 

NAM-B: “The AEC should announce a policy to utilize privately owned re- 
actors for materials testing to the extent that industry is able to provide space. 
This use of private reactors should be in preference to the use of a similar 
Government-owned facility. The current use of MTR and ETR for Government- 
sponsored research, which constitutes the great majority of the materials testing 
business, results in severe competition for the private test reactors.” 

Negotiations currently are under way to determine the extent to which irradia- 
tion services required for Commission programs can be obtained from either the 
Westinghouse or General Electric test reactors. As announced last summer, 
negotiations are also being conducted with the Babcock & Wilcox Co. for the con- 
struction of an additional test reactor. Irradiations will be continued at Com- 
mission test reactors, depending upon the type of irradiation required and the 
cost of outside service. 

VII. CHEMICAL PROCESSING 


COLD URANIUM SCRAP 


C. of C. VI-7: “Chemical processing of cold industrial scrap.” 

MCA-16: “Recovery of cold fabrication scrap, both high and low enriched, 
from all of the above projects.” 

In early 1959, AEC took the initial steps to acquire more scrap recovery serv- 
ices from industry. In March 1959, AEC began to send bid invitations to com- 
mercial scrap recovery firms to provide this service. On November 4, 1959, 
AEC assigned the responsibility for developing the domestic unirradiated 
uranium scrap industry to New York Operations Office. That Office is acting as 
a central point for the AEC and its contractors for the placement and adminis- 
tration of contracts for commercial recovery of uranium scrap generated under 
the reactor development program. From March through November 1959 ap- 
proximately 11 awards were made aggregating 344 kilograms of uranium with 
a total of $180,200 for recovery charges. 

The New York Operations Office is currently establishing a system whereby 
the scrap available for commercial recovery will be reported by other offices, 
and invitations for bids will be solicited from private firms. As a result of 
these steps it is expected that the commercial recovery of cold scrap will grow 
substantially in the future. 


IRRADIATED FUEL ELEMENTS 


C. of C. VIT: “It is recognized that the reprocessing of irradiated fuel elements 
represents an area that is difficult to assess commercially. However, there is no 
reason to believe that many chemical firms could not handle the job if pricing, 
regulatory, and load problems could be successfully met. While the Government 
is spending large sums on developing new processes which inhibit industrial 
investment in known processes, it can speed the transition toward a desirable 
commercial mode of operation by making maximum use of industrial firms in re- 
search and development and possibly the construction and operation of reproc- 
essing plants.” 

NAM-A-3S: “In the area of reprocessing of irradiated fuel elements, the Gov- 
ernment can and should greatly aid in the transition to a commercial mode of 
operation by making maximum use of industrial groups in process research 
and development and in construction of, and operations related to, reprocessing 
plants. To promote the growth of a healthy industry in this area, Government 
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funds should be used to finance research and development programs in privately 
owned facilities in preference to Government-owned facilities.” 

The Commission has made a continuing effort to bring private industry into 
the field of chemical reprocessing of irradiated fuel elements. At the present 
time, a group of five electric utilities and a chemical company are studying the 
technical and economic feasibility of the design, construction, and operation of 
a privately owned facility for the processing of spent nuclear fuels. This study 
will take approximately 6 months, at the end of which time it is expected that 
industry will have a much clearer view as to the potential in this field. The 
study has the full support of the AEC. Other groups making similar studies 
would have the same AEC support. 

Since there are a number of approaches to the problems of private operation 
in this field, and technology must be developed in order to find a satisfactory 
solution to the general problem, development programs must proceed consistent 
with the objective of obtaining economic nuclear power. AEC believes that the 
absence of adequate technology necessitates the continuation of its programs. 

Although to our knowledge there are no facilities outside of AEC capable of 
undertaking major development programs on recovery of spent fuel elements, 
AEC is prepared to receive proposals for research and development to improve 
fuel recovery technology. 


VIIL. INSTRUMENT DEVELOPMENT AND MANUFACTURING 


C. of C. II-10: “Oak Ridge National Laboratory’s Instrument Development 
Section which in some instances is working on the development of instruments 
in competition with commercially available equipment.” 

C. of C. II-12: “Each of the major Government projects have developed their 
own, and different, hand and foot monitors, scalers, survey meters, and multi- 
channel radiation analyzers in competition with commercially available equip- 
ment.” 

C. of C. VI-6: “Instrument production work at Los Alamos, Oak Ridge, and 
the University of California (Berkeley).” 

NAM-C1q: “Personnel radiation monitors are developed and produced in in- 
strument production sections at Government-owned laboratories. There is an 
instrument industry capable of furnishing such monitors and it should be used.” 

NAM-Cih: “Government construction of radiation measuring equipment is also 
in direct competition with the private instrument industry.” 

It is the express policy of all of the laboratories to procure instruments which 
are available commercially rather than to fabricate them. A survey of all 
laboratories and industrial establishments made in 1954 showed that over 80 
percent of radiation instruments of all types were procured from private indus- 
try. A more recent survey indicates this percentage ranges from 90 percent to 
100 percent depending upon the mission of the facility. 

It is true that some instrument development work is continuing at major 
laboratories. Such work is necessary for the following reasons: 

(a) To modify or create instruments to meet the specific requirements of a 
research project where the time and engineering effort necessary to prepare 
specifications, issue bids, instruct outside personnel, inspect for precision, and 
return for corrections. make outside procurement impractical. 

(b) To develop designs in instances where commercially available instruments 
have proven unsatisfactory in performance and private companies have not im- 
proved their products on their own initiative but will adopt laboratory-devel- 
oped designs. 

While it may appear that each laboratory develops its own instruments, our 
survey indicates that such development is undertaken only when necessary to 
meet a particular condition for which a commercially available instrument is 
not adaptable. The facts in respect to specific instruments are: 

(a) Hand-and-foot monitors.—Obtained commercially. Developed initially by 
the laboratories. One laboratory has recently developed an improved design 
for greater reliability. 

(b) Scalers—Such instruments typically must be modified to meet specific 
needs. The laboratories use commercial subassemblies. 

(c) Survey meters——While these meters are purchased from private indus- 
try, the laboratories have had to undertake development of more reliable de- 
signs in the absence of such development by industry. 

(d) Multichannel analyzers.—To our knowledge, the only development work 
on these devices is that necessary to achieve devices for special applications. As 
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an example, one laboratory assembled one such device in calendar year 1959 
at a cost of $12,000, while in the same year it procured $192,000 worth of such 
devices commercially. 


IX. Propucrion OF RADIOISOTOPES 
COBALT 60 FOR THE HIGH INTENSITY RADIATION DEVELOPMENT LABORATORY 


C. of C. VI-4: “Supply and/or fabrication of high purity cobalt for the High 
Intensity Radiation Development Laboratory at the Brookhaven National Lab- 
oratory.” 

WCA-10: “Supply and/or fabrication of high purity cobalt for the High In- 
tensity Radiation Development Laboratory at the Brookhaven National Lab- 
oratory.” 

NAM-—Cle: “Supply of high purity cobalt for High Intensity Radiation De- 
velopment Laboratory, Brookhaven.” 

The high purity cobalt in the form of nickel-plated targets for the Brookhaven 
radiation development facility was furnished commercially. All such cobalt is 
and has been supplied by commercial vendors to AEC. The canning of the cobalt 
for use in a reactor is controlled by the reactor operator to insure the safety 
and integrity of all material inserted into the reactor. Approximately 500,000 
curies of cobalt 60 are needed for the Brookhaven National Laboratory program 
and are being produced in the engineering test reactor. At the time the radiation 
Was begun, no commercial sources of cobalt 60 existed. 


PRODUCTION OF CERTAIN RADIOISOTOPES 


C. of C. IV: “The Government is currently producing certain radioactive iso- 
topes in a commercial way (e.g., cobalt 60, iodine 131, carbon 14, sulfur 35, phos- 
phorus 32). The demand for these radioactive isotopes is now at a level which 
makes commercial production feasible and commercial facilities exist which 
should be utilized.” 

C. of C. VI-8: “Supplying AEC’s needs for * * * high purity cobalt and 
radioisotopes.” 

AEC’s needs for radioisotopes are small in relation to AEC sales to others, 
representing 14 percent of the dollar sales. Until such time as commercial pro- 
ducers can supply the requirements, AEC production of radioisotopes will be 
necessary to meet all or part of its own needs. Commercial production of radio- 
isotopes is small at the present time except for cobalt 60. 

The Government is producing some, but not all, radioisotopes in a commercial 
way. In 1955, AEC discontinued the production of cyclotron-produced radioiso- 
topes because commercial sources were in a position to produce and market these 
products at reasonable prices. Also, many of the radioisotopes currently dis- 
tributed by AEC are produced on a laboratory or semiworks scale because of the 
small demand, principally for research and developmental uses. 

The AEC has never competed with the pharmaceutical industry in the manu- 
facture and distribution of pharmaceuticals containing radioisotopes. The “ABC 
has also turned over to private industry the following related services : 

(a) Synthesis and marketing of C—14-labeled organics. 
(b) Cobalt 60 encapsulation services. 
(c) Cobalt 60 gamma irradiation services. 

The foregoing demonstrates the way AEC policy has been carried out when 
private industry is ready to produce or perform services at reasonable prices. 

The statement is made that the demand for certain radio-isotopes is now at a 
level which makes commercial production feasible. The five leading revenue pro- 
ducers are: 

Fiseal year 

1959 sales ' 
(in thousands) 
Cobalt 60 $659 
Todine 131 : 325 


dae) 

scene = ae = 171 

Polonium 208 
Carbon 14 263 


Total , 626 


1 Includes research discounts of about $207,000 granted to users under the AEC radio- 
isotopes research support program. 
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These five radioisotopes represented 65 percent of AEC’s dollar sales. All ex- 
cept cobalt 60 require radiochemical processing with attendant high investment 
in plant facilities. Indications until recently have been that the volume of sales 
is not sufficient to attract private capital. In fact, the Commission has coop- 
erated with a number of private companies who have made very detailed exami- 
nations of AEC isotope production activities and the commercial opportunities 
for undertaking the total isotope program. These private groups did not find the 
market to be sufficiently attractive for a commercial venture involving the total 
program. It has only been within the last few months that the Commission has 
received concrete evidence of private interest and intention to produce isotopes. 
We understand that two existing commercial test reactors are irradiating cobalt, 
and that one commercial company is considering production and distribution of 
iodine 131 to be produced in another company’s irradiation facilities. Power 
reactor operators have thus far indicated no interest in producing radioisotopes. 

The nature and extent of private interest in the production of cobalt 60 is being 
explored. Industry plans will be taken into consideration in determining the 
Commission’s future plans to meet requirements, particularly for megacurie 
sources. One of the objectives of AEC is to develop large-scale uses for radio- 
isotopes. Success in this objective is dependent on solving technical problems, 
achieving large-scale availability, and lowering prices. When this objective is 
reached, the demand for radioisotopes should be at a high-enough level to attract 
private capital and make commercial production of a wider variety of radioiso- 
topes economically feasible. 


X. MISCELLANEOUS SERVICES 
FILM BADGE PROCESSING 


C. of C. VI-5: “Servicing of film badges by AEC contractors.” 

NAM-—C1f: “Furnishing of film badge service for personnel monitoring. Al- 
though a number of industrial firms offer this service, competing services are 
performed at Oak Ridge, Brookhaven, Savannah River, Sandia, ete.” 

Servicing of film badges at most AEC installations is regarded as an integral 
part of the operating procedures established to protect the health and safety of 
employees. The processing and reading of film badges is intimately related to 
interpretation and other steps in a monitoring system. Wherever radiation ex- 
posure could reach dangerous levels or where personnel must work in radiation 
zones, quick detection and rapid estimation of exposure are needed for both per- 
sonnel protection and control of operations: any time delay involved in relving 
on a commercial contractor to provide these services is unacceptable. 

One AEC contractor engaged in the processing of unirradiated source ma- 
terials is understood to be considering the use of commercial film badge serv- 
icing. Another, responsible for operation of an AEC laboratory, is giving serious 
consideration to canceling its commercial contract in favor of a return to doing 
its own film badge work because of several years of unsatisfactory experience 
with inaccuracies and errors on the part of two commercial contractors. 


PRINTING 


C. of C. VI-9: “Printing facilities at Government facilities.” 

Except for the printing establishment maintained for the preduction and dis- 
semination of scientific and technical reports by the Technical Information 
Services Extension at Oak Ridge, AEC printing facilities are an integral part of 


‘the administrative support for routine management and operation at each AEC 


installation. Day-to-day operational needs are characterized by large numbers 
of short production runs with short leadtime. 

Provision of printing equipment for an AEC installation requires prior author- 
ization by the congressional Joint Committee on Printing, which periodically 
reviews production reports to assure that equipment continues to be needed. 
Typically, AEC installations procure from commercial sources a large volume 
of unclassified printing when large production runs are involved and leadtime 
permits. 

TRANSPORTATION 


C. of C. VI-10: “Operation and maintenance of automotive equipment and 
transportation facilities (bus and rail) at Government installations.” 

In the provision of automobile service at AEC installations, our contractors 
operate fleets of Government-owned vehicles of varied types. Where available, 
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vehicles are obtained from Government motor pools. Peakloads are also met by 
renting equipment. Automobile service at most AEC installations is an integral 
supporting activity which can be provided most efficiently by the operating con- 
tractor rather than an outside commercial source. 

At AEC installations which are in relatively isolated or rural locations, serv- 
icing and maintenance of motor vehicles are generally performed in AEC repair 
shops. There are, however, many locations where reliance on commercial shops 
and facilities is the practice because it has been found to be practical and more 
economical. ' 

Bus transportation is provided by our operating contractors at some major 
AEC installations. Because of the isolation of these facilities, experience 
demonstrates that commercial bus service cannot be provided on a paying basis, 
and operating conditions make it impractical to contract for such services at 
a reasonable cost. 

Intraplant railroad service is performed at several installations by AEC 
operating contractor. At Oak Ridge prior to 1956, the plant railroad was 
operated under contract by one of the major railroad companies. Cost studies 
prompted the AEC to transfer responsibility for maintenance and operation 
of the plant railroad to its operating contractor. Since 1956 the estimated 
cost has been less than one-third of the minimum amount payable under the 
earlier contract with the railroad company. 

In general, intermittent low-volume operations within our plant sites, often 
involving special equipment and handling, are best performed as a vart of 
the integrated responsibility of the plant operating contractor. 


POWER DISTRIBUTION 


C. of C. VI-11: “Power distribution in connection with Government instal- 
lations.” 

Blectric power distribution systems at AEC installations are operated in 
accordance with the normal industrial practice under which the consumer owns 
and operates the distribution system beyond the point of delivery, usually the 
high side of the initial stepdown transformer. 

Generally, responsibility for the distribution of electric power within an AEC 
installation is such an integral part of the overall responsibility of the operating 
contractor for carrying out the principal mission of the installation that a 
separate contract for power distribution services could not be tolerated. 

A special situation exists at Los Alamos, where many private residences are 
served from the distribution system. The feasibility of eventually disposing 
of that part of the distribution system which serves the town facilities is 
now being studied. 

COMMUNICATION 


C. of C. VI-12: “Communications systems at Government installations.” 

Telephone. teletype, and radio communication equipment is regularly used 
by AEC installations. Only recently has it become possible to obtain radio 
equipment on a lease-maintenance basis from commercial sources, and sub- 
stantial quantities of radio equipment are being secured under such 
arrangements. 

Essentially all teletype facilities used by the AEC are leased from publie 
utilities such as American Telephone & Telegraph Co., Western Union Co., 
and Radio Corp. of America. Teletype traffic of AEC is processed over net- 
works and tielines provided by public utilities as well as over the military 
and other Government networks. 

Nearly all AEC telephone service is provided by public utilities, such as the 
American Telephone & Telegraph Co., Bell Telephone companies, and inde- 
pendent telephone companies. 

The notable excention is at Hanford, where during World War IT a Govern- 
ment-owned telephone system was built because the local telephone company 
could not undertake to serve so large a site. Major portions of the Hanford 
System, serving the business and residential areas, were sold to a public 
utility. Those portions directly and exclusively serving the Hanford plant 
areas are still owned by AEC and operated by the AEC prime contractor. 

Previous analyses have indicated that the present arrangement is more eco- 
nomical than would be the purchase of the service from a telephone company 
oo rates established for that geographical area. Further studies will 

made. 
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MACHINE SHOP FACILITIES 


C. of C. VI-13: “Machine shop facilities at the Argonne National Laboratory.” 

Machine shop jobs are performed in the Argonne National Laboratory’s own 
central shops when (1) there is urgency to complete the job, (2) private com- 
panies are not able to perform the work, and (3) shop fabrication must be 
earried out coincident with design, development, and proof testing of the ap- 
paratus being built. When these factors are not present, it is the policy of 
the laboratory to order the work from private enterprise. 

Over recent years steps have been taken to develop commercial sources for 
metal fabrication having the qualifications and experience to perform the type 
of work generated by the laboratory. A large number of qualified companies 
is now available. 


Chairman Anprerson. Now do we understand that Admiral Rick- 
over is going to make some comments ? 


Mr. Fioserc. That is my understanding, that you scheduled him 
for this time, Senator. 

Chairman Anperson. Very well, admiral. 

Mr. Fvoserc. I understand, Senator, that you scheduled Colonel 
Williams to follow Admiral Rickover. 

Chairman Anperson. Yes. 

While you are supposed to talk about the industrial aspects of the 
naval program, as I indicated to you a moment ago, you are just 
shortly back from a trip to Britain and we would be very happy to 
have any comments you care to make that might be of advantage to 
the committee or to those people who might be reading this record. 


STATEMENT OF VICE ADM. H. G. RICKOVER, ASSISTANT DIRECTOR 


FOR NAVAL REACTORS, DIVISION OF REACTOR DEVELOPMENT, 
ATOMIC ENERGY COMMISSION 


Admiral Rickover. Thank you, sir. 

Chairman Anperson. We are always glad to have you with us. 

Admiral Rickover. Iam always glad to be here, sir. 

Do you wish me to talk about the naval program first, and the 
British program next ? 

Chairman ANperson. This is wide open. You take your own choice. 

Admiral Ricxover. I understood you wanted to get an idea how far 
we have gone toward using industry in the naval program; I have 
some figures. 

The total investment by the Government for research and develop- 
ment, construction of laboratories and prototypes, operating costs and 
including the nuclear-propulsion plants for the first two nuclear sub- 
marines, the Nautilus and the Sea Wolf, through June 30, 1960, will 
be about $950 million. This sum covers the entire program, every 
dollar that has been spent by the Government for the whole naval 
program. 

Chairman ANpveERsoNn. Just about the same amount that was spent 
for the aircraft nuclear propulsion program. 

Admiral Rickover. Yes, sir. 

Chairman Anperson. The results are a little different. 

Admiral Ricxover. They havea much harder problem, sir. 

Chairman Anperson. I know. 

Admiral Ricxover. The Navy, at present, has 37 nuclear-powered 
submarines and 3 nuclear surface vessels authorized. We currently 
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have in commission nine nuclear-powered submarines and we will have 
nine more by the end of calendar year 1960. We will have a nuclear- 
powered cruiser by that time, also by the end of this year we will have 
18 nuclear-powered submarines in commission. The total amount 
which has been appropriated for these ships—but not all spent—is 
about $314 billion. 

So the $950 million of development costs has already resulted in an 
investment of $314 billion for ships. 

I will repeat the figure, sir. 

The total sum of money authorized by the Congress for the nuclear 
Navy to date is about $314 billion; this provides for 37 nuclear-powered 
submarines, an aircraft carrier, a cruiser, and a destroyer. 

We have contracted with industry for about $200 million for nuclear 
cores, an additional $350 million for nuclear plant components, and 
about $65 million for zirconium and hafnium. 

We expect within the next 5 years to order an additional $140 to 
$150 milhon worth of new nuclear cores, and about the same amount 
for replacement cores. 

All of this money is being spent under competitive lump-sum con- 
tracts with priv ate industrial organizations, and the facilities for 
manufacturing these items are entirely paid for by industry. The 
Government has not spent one dollar for these facilities. In fact, 
we have even denied the companies certificates of necessity for fast tax 
writeoffs. 

So, contrary to the situation that obtains in the aviation industry 
and in the missile industry, there is no Government investment here. 
We have adopted the capitalistic system, Senator Anderson. 

Chairman ANpDerson. May Lask vou one question ? 

You mentioned the amount of money you spend for the cores, the 
amount of money you plan to spend, some $140 or $150 million for 
additional cores and replacement cores. 

Admiral Rickover. There will be about $140 million for replace- 
ment cores, in addition there is also about $140 to $150 million worth 
of new cores. 

Chairman AnpDerson. We are talking about the difficulties of get- 
ting this atomic energy industry under way around the world. 

Has the cost of cores gone up or is there some saving ? 

Admiral Rickover. The cost of cores has decreased about 40 per- 
cent in the last 2 years. 

Furthermore, the life we are getting out of the cores has gone up 
about 70 percent. 

Roughly, the effective reduction in cost is about three times. The 
cost has gone down to about one-third if you figure it on a kilowatt- 
hour or unit of energy output. 

Chairman ANperson. That is what I wanted to get to. 

The Navy has been a great developer of atomic power, particularly 
in submarines. You have seen the cost of atomic power in the sub- 
marines going down by the longer life of the core and the lower cost 
of the core. 

Admiral Ricxover. Yes, sir. 

For example, in the Skipjack-type submarine, the core cost has gone 
down to about 40 percent of its original cost. The life of the new 
core we will install will be about 30 percent greater than the first one. 
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Chairman ANberson. I think that is of some interest to industry 
because they have many, many plants across the country. It may be 
that industrial costs will go down in the same pattern as your costs 
go down. 

Admiral Rickover. Our costs have gone down. 

Obviously when industry invests about $100 million in manufactur- 
ing facilities, they must, in a relatively short period of time, amortize 
their costs. I understand most of the companies making items for us 
are now in the black, in that they are beginning to m: ake profit. I 
don’t believe any of them have fully recovered the entire cost of their 
investment, but they are no longer losing money. 

This is natural with any new industry. 

We have always aimed to have at least three sources of supply for 
everything we buy. This is advisable in order to get true competi- 
a It is also good from a national st: andpoint in that we won't 
be held up in case of an emergency, or if we desire to expand the num- 
ber of ships we build—as the Navy is currently recommending. We 
now have facilities to take care of such an expansion. 

I am confident if Congress accedes to Admiral Burke’s request and 
gives the Navy six or more additional Polaris submarines this year, 
there will be no strain on the naval nuclear industry. We are ready 
to take care of such an expansion. 

It has been a difficult job to train industry to do this new work be- 
cause It is far more complicated than any previous work they have 
been used to. 

We have done another thing. Instead of doing all this procurement 
through a Washington agency, we have set up outside agencies to do 
it. This keeps the number of people in Washington at a minimum 
and should make rents cheaper here, Senator. 

Chairman Anperson. Probably get a lot more work done. 

Admiral Rickover. Yes, sir. 

Chairman ANpersOoN. Go ahead. 

Admiral Rickover. That is about all on industrial participation. 

Chairman Anperson. We have a nice attendance now and we will 
be glad to hear about the things vou found out abroad. 

Admiral Rrekover. I discussed two items with the British. One, 
the progress that they are making on their own nuclear submarine. 

The Vickers Shipbuilding Co. is building the submarine under a 
contract from the Admiralty. Rolls-Royce is responsible for the re- 
actor plant. 

As you know, last year your committee approved the furnishing of 
information and equipment to the British for this first plant. It is 
going ahead on schedule. I cannot in open session say what the 
schedule is. 

The British are also building a prototype submarine reactor plant 
at Dounreay, on the north coast of Scotland, in order to train their 
people. 

The British intend to build a second Skipjack-type submarine next 
year: we have helped them set up manufacturing facilities they will 
not be dependent upon the United States for the second submarine. 
They will be able to make all reactor plan items themselves. This will 
be good for them and good for us, because it will reduce the extent 
of interference with our own program. 
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To summarize: They have one nuclear submarine under construc- 
tion and they are asking for another. 

With regard to other types of reactors, the United Kingdom Atomic 
Energy Authority reactor development program continues to place 
main emphasis on the gas-cooled approach. Their work on the ad- 
vanced gas-cooled reac tor, known as the AGR, and on a high-tempera- 
ture gas-cooled reactor, known as the HTGR, represents their latest 
thinking i in this field. 

In addition, they are continuing to work on the fast-breeder reactor 
program with expectation of completing the design of a $2,000- to 300,- 
000-megawatt electrical prototype in early 1963, ‘and receiving author- 
ity to build such a reactor prototype plant that same year. 

“A small design effort is also under way on a steam-cooled heavy- 

water moderated reactor to determine the potential of such a reactor 
concept. 

So they are concentrating almost entirely on the gas-cooled reactor. 
They are doing practically no additional design work on the Calder 
Hall type reactor. Nearly all work is on the advanced gas-cooled 
reactor and on the HTGR, which is a joint effort among themselves 
and a number of European countries. The HTGR is similar to the 
reactor General Atomics Is W orking on. 

The British stated that the advanced g gas-cooled reactor, which has 
a 28.5 thousand kilowatts electrical output, being erected at Wind- 
scale, is on schedule. They expect to complete plant construction in 
April 1961, and the reactor to reach a significant power level near the 
end of that year. 

Chairman Anperson. Mr. McCone, that is about the same size at 
Oak Ridge, is it not, and the same type? 

Mr. McCone. Just about the same. 

Admiral Ricxover. There is close collaboration between Oak Ridge 
and the British. They are giving complete information on the re- 
actor to us. ‘There is no difficulty such as we experienced previously 
with the Calder Hall reactor. Everything is being given, sir. 

The high temperature gas-cooled reactor, the HTGR, which is 10 
megawatts thermal, or about 214 megawatts electrical—is an experi- 
mental type. 

Chairman Anperson. It is very, very much smaller than General 
Dynamics? 

Admiral Ricxover. Yes, sir, it is smaller. 

Chairman Anperson. The same type? 

Admiral Rickover. Yes sir, the same type. 

Chairman Anperson. It is about a fifteenth in size? 

Admiral Ricxover. It is 10 megawatts thermal; you must divide 
that figure by about four to get the electrical output. 

Representative Houtrretp. Metal clad fuel rod ? 

Admiral Ricxoverr. No. This is a different type. They have a 
fuel element consisting of graphite disks impregnated with uranium. 
The fuel element is still in the development stage and some changes 
have recently been made. 

There is complete exchange between the British and us, through 
General Atomics, on this reactor also. In fact, one of the British 
scientists who had a great deal to do with the inception of this reactor 
is currently working at General Atomics. 
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Representative Hotirreip. Mr. Fortescue. 

Admiral Ricxover. This project was approved about a year ago as 
a cooperative project of the nuclear energy agency of the Organiza- 
tion for European Economic Cooperation, the OEEC. The published 


current cost estimates for the project indicate a total cost of $38 
million. 


Chairman ANnperson. $38 million ? 

Admiral Ricxover. $38 million. 

Chairman Anperson. That is within $3 million of what General 
Dynamics, as I recall, put into the other one here, and we are going 
to get 35,000 kilowatts ‘heat. 

Representative Ho.iriexp. It sounds like a very high cost for such 
a small reactor. 

Admiral Ricxover. It is probably a realistic cost, not a high cost, 
sir. 

Chairman Anperson. You have been reading figures on other re- 
actors. 

Admiral Ricxover. I believe this is the proper time to tell you 
about cost estimating for Government projects in the 15th century, 
Mr. Holifield. 

Representative Honirretp. You are not acquainted with how cheap 
you can build reactors. You have heard about the big reactor at Dres- 
den that only cost $50 million. 

Admiral Rickover. You mean the published figure? 

Representative Hottrreip. Published. 

Admiral Ricxover. Yes, sir. 

Representative Horirretp. That is where I got my information. 

Admiral Ricxover. I would like to tell you about Pope Pius IT’s 
experience with cost estimating in the 15th century. I believe it will 
be enlightening to this committee. What I will say is taken from 
“Memoirs of a Renaissance Pope—The Commentaries of Pius II.” 

Representative Horirrep. I think it might be very pertinent. It 
is at least up to date. 

Admiral Rickover. The Pope had received many insinuations 
against the architect—that he had cheated; that he had blundered in 
the construction of a church and a palace; that he had spent more than 
50,000 ducats when his estimate had been 18,000. The law of the 
Ephesians, according to Vitruvius, would have obliged the architect 
to make up the difference. He was a Florentine named “Bernardo,” 
hateful to the Sienese from his mere nationality. In his absence every- 
one abused him. Pius, when he had inspected the work and examined 
everything, sent for the man. When he arrived after a few days in 
some apprehension, since he knew that many charges had been brought 
against him, Pius said, “You did well, Bernardo, in lying to us about 
the expense involved in the work. If you had told the truth, you 
could never have induced us to spend so much money and neither this 
splendid palace nor this church, the finest in all Italy, would now be 
standing. Your deceit has built these glorious structures which are 
praised by all except the few who are consumed with envy. We thank 
you and think you deserve especial honor among all the architects of 
our time”—and he ordered full pay to be given him and in addition a 
present of 100 ducats and a scarlet robe. He bestowed on his son the 
grace he asked and charged him with new commissions. Bernardo, 
when he heard the Pope’s words, burst in to tears of joy. 

Which he should have. 
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Chairman Anperson. I think without objection we will send a 
copy of that to Consolidated Edison. 

Admiral Rickover. What I have said is really more appropriate 
to read to the Appropriations Committee, but I think you are faced 
with this problem, too. 

Chairman ANnperson. Now we have the Pope fixed, where do we 
go from here ?¢ 

Admiral Rickover. Is this enough on the British program? 

Chairman Anperson. Yes. 

Admiral Rickover. The only other thing is the PWR. I await 
questions from the committee, sir. 

Chairman ANpErson. We are going into that in the authorization 
hearings, Admiral Rickover. I asked the Chairman the other day 
about the contract with Duquesne. He gave us a good answer as to. 
how far we had gone thus far. All I can say to you is that many 
of us on the committee strongly support the fact that the PWR at 
Shippingport has contributed greatly to the art and science. It has 
been a little more costly than we anticipated for which we give you 
tears of JOY. 

Admiral Rickover. May I leave, sir? 

Chairman ANperson. Yes. 

\dmiral Ricxover. I leave “with tears of joy,” sir. 

Chairman ANprrson. Colonel Williams. 


STATEMENT OF COL. DONALD G. WILLIAMS, ASSISTANT DIRECTOR 
FOR ARMY REACTORS, DIVISION OF REACTOR DEVELOPMENT 


Colonel Wiiiiams. Thank you, sir. 

Chairman ANnperson. There was a question raised the other day 
on the Army package power reactor. You are going to comment 
on that? 

Colonel Wiutams. Yes, sir 

Chairman Anperson. I think Mr. Price asked the question. 

Representative Pricer. Yes. 

Chairman Anperson. Mr. Price, if he does not answer your ques- 
tion specifically, you ask it again when he gets through. 

Colonel Wititiams. All right, sir. I will speak from informal 
notes. 

The Army nuclear power program is the joint AEC-DOD pro- 
gram in which the Army represents the Department of Defense 
as the cognizant agency. The primary mission of our program is 
to develop a family of what we might call ground-based nuclear 
powerplants in the power range from around 100 kilowatts up to 
as high as 40,000 kilowatts electrical, for all three military services. 
We have on our staff, stric tly a joint staff, the Air Force, and N: avy 
people in addition to people furnished by the Corps of Engineers, 
the primary DOD agent, also, representatives of the other technical 
services of the Army. 

We feel that in developing these small plants we are also developing 
an industry that has some firm convictions on the long-range signifi- 
cance of plants in this small size, not only for military use but also 
for civilian use in remote areas. 

When we receive a requirement for the development of a new type 
of plant from the Department of Defense, we normally contract with 
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the best qualified firm for the design, development, construction, and 
operation of the prototype. In this way we are looking at a single 
contractor all the way through the project, and we avoid splits in 
responsibility. Such contractors are evaluated against several spe- 
cific criteria, such as these. 

Previous experience in similar-type work, the qualifications and 
availability of personnel for this work, the facilities owned and oper- 
ated by the contractor which could be made available to our programs, 
the interest and willingness of management to devote the necessary 
time and effort to our project, and their long-range interest and intent 
to manufacture the plant as a production line item subsequent to its 
development. 

When the prototype plant has been developed, we shall prepare 
procurement, performance-type specifications which then will be the 
basis for the procurement of subsequent field plants on a competitive, 
fixed-price, guaranteed-performance basis from industry as a whole. 

In the case of the stationary or barge-mounted plants at the larger 
end of the family we are working on—in the 10,000-, 20,000- 40,000- 
kilowatt range—we consider that the nuclear industry has developed 
the necessary technology for these types of plants m other reactor 
programs. Accordingly, when we get a project for a plant of this 
size we will not count on much in the way of development. We will 
go straight to industry for fixed-price, guaranteed-performance, com- 
petitive-type bids. 

Mr. Ramey. We are due for a report on this type of plant as well 
as the smaller ones in relation to our authorization for remote size 
plants. 

Colonel Witirams. Yes. 

Mr. Ramey. That isdue April 1. 

Colonel Wititams. That is correct. 

Mr. Ramey. You mentioned that after you have developed a plant 
and run it a little bit, then you run up specifications for further pro- 
duction and manufacture of plants for the military. Have you 
reached that stage yet 

Colonel Witiiams. No, sir; we have not. It is our intention to do 
this. I will mention this as I hit the high spots of some of the 
contracts we have. 

Mr. Ramey. From an industrial point of view, it would seem very 
desirable if industry could be on notice what kind of market they 
could ber ee for the plants over the next few years. Perhaps you 
need a 10-year Army reactor program, something that would give 
your ideas something to shoot at and something to expect especially 
during these lean years. 

Represent: itive Price. At least 10. Give us a lot of time. 

Colonel Wrutrams. This would be helpful to industry and would 
also be helpful to us. 

Representative Hotirietp. The way the things are going, there 
may not be any Army 10 years from now. I would not ask you to 
agree to that. 

By the way, what size reactors are you talking about in megawatts? 

Colonel Witiiams. From 300 kilowatts, our smallest one, a boiling 
water job at the National Reactor Test Station in Idaho. This is 
the stationary low-power, SL-1 plant. It has been in operation a 
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little over a year. That is the small end. Next we have the Fort 
Belvoir job, the SM-1, that is up around 2,000 kilowatts electrical, 
pressurized water, formerly the APPR. 

Representative Price. We have had that Fort Belvoir job for quite 
a few years. What progress has been made since the Fort Belvoir 
job? 

Colonel Wini1ams. We are improving components, essentially all 
the components in the plant, such as improving the instrumentation 
by transistorizing, improving our steam generator materials, cutting 
down our corrosion problems, and improving the fuel elements to 
get longer life and higher power. One of the biggest things we are 
doing i is rearranging this stationar y plant into a set of boxes, each box 
being transportable by air, rail, trailer, or ship. Our contractor, Alco 
Products, Inc., who built the Fort Belvoir plant, has Comte up with 
a design of putting this Belvoir plant into a set of some 27 air trans- 
portable boxes. To give you an idea, sir, of what this means, the 
Belvoir plant as built in its fixed stationary building, with concrete 

vapor containment and so on, would require the airlifting of some- 
thing lke 2,500 tons of equipment and materials, not including the 
aggregate that goes into the concrete. Such a stationary plant re- 
quires anywhere from 18 months to perhaps 2 years to build, and 
surely two or more construction seasons in the Arctic where construc- 
tion seasons are short. 

The rearranged Fort Belvoir design, in 27 boxes, will have a total 
weight of about 300 tons to be shipped, versus about 2,500 tons for the 
Belvoir plant. The onsite time to assemble and get this plant operat- 
ing will be about 3 months instead of 18 months or 2 years. This we 
think is a big step for several] reasons: 

Among other things, this helps us cut down on the very high unit 
construction cost in Arctic regions where labor and everything else 
are extremely high, perhaps two, three, or four times the cost in the 
United States. 

Representative Hosmer. Is that similar to the thing that Martin 
wanted to work on? 

Colonel Witu1aMs. This is correct, sir. Martin has a contract with 
us to develop and build a completely prepackaged plant, optimized 
considerably over the first one, coming in a year later. The first plant 
that I mentioned is to be in operation next September. The one that 
Martin is building will go into operation at Sundance, Wyo., about a 
year later. 

Representative Hosmer. Why are you doing both the packaging of 
the Belvoir job and the Martin job? 

Colonel Wmu1aMs. The packaging of the Fort Belvoir-type plant 
was to meet an early Army operational requirement for the Polar Re- 
search and Development Center, a camp that is being built in the ice 
cap. The Army is procuring this nuclear plant, the PM-24, to pro- 
vide the heat and electricity for the base load there. The operational 
date for this plant is September 1960. ‘The other one, the Sundance 
plant, the PM-1, is going into a new Air Force Aircraft Control and 
Warning Station for which there is not the same operational urgency; Ate 
we have a year longer, until September 1961, to get that plant 20). 
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Representative DurHam. How many at the present time are being 
built under the supervision of this program ? 

Colonel Wittiams. At the present time, sir—may I run through 
them, those operating and those in various stages of being built. 
First we have the Fort Belvoir one, then the earlier prepackaged one 
that is now under procurement by the Army; then the later pre- 
packaged one that comes in from Martin under AEC contract. On 
the Army side we are also building the Alaska plant, the so-called 
SM-1A, which is a takeoff of the Fort Belvoir design. It is a sta- 
tionary plant that is being built at Fort Greeley, Alaska, an Army post 
near Fairbanks. This accounts for the pressurized water types which 
are built or being built, with one other plant in the 6,000 ICW range 
under development. 

In the boiling water category we have operating the SL-1, the 300- 
kilowatt plant at Idaho. We also have under investigation and study 
portable verions of this plant in the 300-kilowatt and 1,000-kilowatt 
sizes. 

Representative Durnam. Two of those are for the Army; is that 
correct ? 

Colonel Wiiutams. Yes, sir. The two field plants, SM-1A and 
PM-2A, are being funded solely by the Army. 

Representative Durnam. And the other two are for whom? 

Colonel Witx1ams. The SL-1 and PM-1 are being developed in the 
overall program, sir. 

Representative DurHam. The Army has them all ? 

Colonel Wiii1ams. The Army is the only service building field 
plants at this time. The other plants in our programs are dev elop- 
mental plants. Although our program is called the Army nuclear 


-power program, our mission is for all three services, and we use the 


people and the dollars from any source from which we can get them. 

Representative DurHAmM. We have construction requirements before 
us now for 1961. Is there any in the request for 1961? 

Colonel Wititams. No, sir. The only military field plants that are 
firm as of today are the stationary plant at Fort Greeley and the 
first prepackage plant to go into the ice cap, both of which the Army 
is building. 

Representative DurnHam. They have all been authorized ? 

Colonel Witu1aMs. The Greeley plant was authorized in fiscal year 
1957; the ice cap plant is being procured with equipment and research 
and development funds from fiscal year 1959 and fiscal year 1960. 

Representative DurHAm. You are building those out of Army 
funds; is that correct ? 

Colonel WiturAMs. That is correct, sir. 

Representative Durnam. Primarily. 

Colonel Witii1aMs. Strictly with Army funds. 

Representative Durnam. What happened to the Navy’s request ? 

Colonel Witu1aMs. Is this for Guam, sir? 

Representative DurHAm. Yes. 

Colonel Witu1ams. The DOD proposed some months ago that the 
Atomic Energy Commission and the Navy collaborate on building a 
20,000-kilowatt plant for Guam. The Atomic Energy Commission 
received this as essentially a good idea. However, in the final analy- 

s, the funds from the Navy were not forthcoming. ‘Therefore, it 
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did not make particularly sound sense for the AEC to press for their 
share of that plant. The project was withdrawn. 

Representative Durnam. The construction authorization will be 
completed in a few days for 1961. Did the Army, Navy, or Air Force 
request any plants this year in the 1961 budget ? 

Colonel WiturAMs. No, sir. 

Representative Durnam. They did not ? 

Colonel Wittrams. They did not. 

Representative DurHAaM. There was none requested ? 

Colonel Wiiitams. That is right. 

Representative DurHAM. That isall, Mr. Chairman. 

Chairman ANpDeErRsoN. You said on Guam that the funds were not 
forthcoming ? 

Colonel WitttamMs. Yes, sir. 

Chairman ANnpERSON. You mean to say, do you not, that the Navy 
had its choice of putting all the money or not putting up any, and 
the Navy elected to take the easier route of not putting up the money ? 

Colonel Wiu1AMs. Sir, what the Navy's philosophy was I don’t 
know. AI I know is that they did not put up the part we hoped they 
would put up. 

Chairman ANnperson. It was cheaper to build a conventional plant 
than to build the atomic plant. 

Colonel Witu1aMs. That is right. 

Chairman Anperson. And the Navy wanted to stretch its budget 
somewhere else. By that same yardstick, it is cheaper for the Army 
to build a regular plant in a great many of these places. It would 
be cheaper for Dresden to build a conventional plant. It would be 
cheaper for Consolidated Edison to build a conventional plant rather 
than a nuclear plant. Then there would be absolutely no progress of 
any kind. Wouldn’t that be true? 

Colonel Wiiu1AMs. Yes, sir. 

Chairman ANperson. Would it not be desirable to find out if it 
would not save some money at Guam to put this plant in? The testi- 
mony was that once the plant was built there might be very substan- 
tial saving. The answer was, that would cut down on the fuel that 
would have to be delivered out there to the Navy at Guam. 

Colonel Wiiu1AMs. For a military plant, sir, there are areas where 
nuclear power is competitive. Guam is one of those which appears 
economical in the long run. However, the problem is what has to be 
funded in a particular fiscal year for the initial capital costs. These 
are much higher than for conventional plants, of course. 

Representative DurHaM. I was very hopeful that this would be one 
program we would stick with and try to do something about for the 
future, not only for the Army, Navy, and Air Force, but for the 
benefit of our industrial development in this country. 

Colonel Wimu1AMs. Yes, sir. 

tepresentative DurHam. It seems to me that you are doing very 
much like Euratom is doing. They did not come in and ask for any 
request this year, Mr. McCone. 

Mr. McConr. No. The only project that has been under discus- 
sion, and the colonel has reported on it accurately, is the Guam project. 

Representative Duruam. I know that was discussed before the 
committee last year when we were authorizing these. I have not 
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looked completely through the Navy’s request this year for authoriza- 
tion because we have not completed it. 

Colonel Witurams. We are trying to get the military services to 
specify their plans for the next few years—®5 years or 10 years. They 
are uniformly in favor of what we are doing. They very much want 
the plants that we are developing, but for fiscal 1960 or fiscal 1961, the 
funds were not forthcoming. 

Chairman ANperson. You cannot expect the funds to be forth- 
coming unless somebody strikes the rock with a rod. That is what 
they did in the Bible. You certainly have to ask for it. The appro- 
priation committees of the Senate and House just do not shower down 
funds on you. 

Representative HotirreLp. You remember all the trouble Moses got 
into for hitting that rock. He did not get to go to the Promised 
Land. 

Chairman ANnprrson. There was another program at Antarctica 
where several people believed that an atomic power plant might be 
of some use down there. Senator Jackson is not here at the moment, 
but he strongly believed that. 

Colonel WituraMs. Yes, sir. 

Chairman ANberson. Do you think he has a chance to live long 
enough to see the Army ask for it / 

Colonel WiitraMs. I hope for it, just as much as anybody. 

Chairman Anperson. I know, but hope—— 

Colonel Wititams. I beat on the rock, but it takes someone with 2 
larger club. 

Representative Hoxrtrietp. “Hope long deferred maketh the soul 
sick.” 

Chairman Anperson. That is what I was hunting for. I just hope 
sometime that you will see fit to send us over a letter telling us if there 
isany hope for Guam at any time. 

Representative Price. | might say on this point, this is more or less 
up to what the Navy desired. I think the Commission is in a position 
that they have to wait to see whether the Navy makes a requirement 
out of that project over there. So far the Navy has not done so. 

Chairman Anperson. By the same token the Navy would never have 
made the requirement for a nuclear-propelled submarine. 

Representative Price. That is correct. 

Chairman ANpERsoN. It cost too much, 

Representative Price. That is correct. They could see some justi- 
ieation for it a year and a half ago. Recently they can’t. Maybe 
conditions have changed over there, the oil supply and so forth. ‘At 
the present time I think the problem will have to be resolved through 
i inquiry to the Department of the Navy. 

Colonel WitiiaMs. Sir, as to our effect on industry, may I say a little 
more about how the Army has contracted for producing their field 
plants. The Alaska plant was contracted for on a business-as-usual, 
ixed-price basis by the Corps of Engineers. We in the Army nuclear 
power program are available for technical backup. The Alaska Dis- 
trict Engineer is the contracting officer. The prime contractor for 
this project is the Peter Kiewit construction firm, which has consider- 
ible arctic experience. Their nuclear subcontractor is Aleo Products, 
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the plant designer. It is a conventional pattern we are following in 
producing these field plants. We feel that this is a step in the 1 ight 
direction. 

Similarly, the plant for the ice cap installation, the contracting office 
here is the Eastern Ocean District of the Corps of Engineers, and the 
prime contractor again is Alco Products. We in the Army nuclear 
power program stand by for technical advice, review of drawings, and 
so on, to be sure that: they don’t go off the deep end. 

Representative Durnam. I thoroughly understand your position. 
Of course, somebody has to come to you and request that a certain job 

should be done. I was not criticizing you or the Commission at all. 

I must say that you are working for an emergency in the future. 
You have to be ready when it comes. You cannot do it without 
know-how. 

Colonel Wir. E ams. Yes, sir, I think the difference between our pro- 
gram and the Navy program is that in the case of the submarine, 
nuclear power gives them an operational capability which can be met 
in no other way. In the Army nuclear power program, on the other 
hand, what we are really doing is developing nuclear substitutes for 
diesel plants. Alt hough it is desirable to reduce the logistics problem 
of hauling many thousands of barrels of fuel oil across the sea, never- 
theless there are ways of getting it there; and thus we do not offer the 
unique operational « apability aspect which the submarine has, for 
example. I am sure this is a significant consideration in the philos- 
ophy of the three services with regard to the plants being developed in 
the Army nuclear power program. 

Chairman Anperson. Let me say, colonel, if we appear to be asking 
you a lot of questions that should not be properly addressed to you, it 
is only because many people here have been anxious to see this devel- 
oped for a long time. You understand we are not trying to hop on 
you. 

Colonel Witt1AMs. I will keep beating on the rock, anyway. 

Chairman Anperson. If there are no other questions, thank you 
very much. 

Colonel Wiiu1aMs. Thank you. 

Mr. Friosera. Senator, would you like to move back into this Bibli- 
cal and theological atmosphere; I can discuss isotope development. 

Chairman ANpERson. Please go right ahead. 


STATEMENT OF JOHN F. FLOBERG, COMMISSIONER, AND HAROLD 
L. PRICE, DIRECTOR, DIVISION OF LICENSING AND REGULATION, 
ATOMIC ENERGY COMMISSION—Resumed 


Mr. Froserc. The Commission has reported to the Congress fre- 
quently on the steadily increasing use of radioisotopes in agriculture, 
medicine, and industry. 

In the interest of informing this committee of the current status 
of radioisotopes tec hnology and application, we have submitted to you 
a special report on radioisotopes in science and industry. I believe 
the report will prove of considerable interest to you as w ell as bring: 
ing more fully to public awareness the ever-increasing influence 0 

radioisotopes ‘technology in so many facets of our daily lives. 

The report illustrates the lar ge range of possible 1 radioisotope appli: 
cations. I would like to mention elimination of agricultural pests a8 


an example. 
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The radiation from radioisotopes has been the means for wiping out 
the screwworm fly from Florida and the southeastern United States, 
where ranchers formerly suffered $15 to $25 million annual loss due 
to this pest. Work is being carried out in this and other countries 
of the world to determine whether or not this same technique can be 
successfully applied to the elimination of other types of pests, such 
as boll weevil, fruitflies, oriental and melon flies. Insect damage to 
agricultural crops and domestic animals in the United States amounts 
to approximately $4 billion annually. 

Chairman ANperson. We might call attention to the very fine 
publication, Radioisotopes, which was put out in January 1960 by the 
Commission. It is in good readable language and very usable form. 

If people are not familiar with it, I hope they will become familiar 
with it because I think it is a very fine pamphlet and I congratulate 
the Commission on it. 

Mr. Fiosere. Thank you, Senator. 

We feel it is particularly important to realize that while the basic 
principles of isotope use have been known for about 25 years and 
we have made important progress in certain areas of use, their broad 
application is, with limited exceptions, relatively unexploited. 

In recognition of the benefits which can accrue from widespread 
use of radioisotopes, the Commission, late in 1958, expanded its 
isotopes program to put isotopes to work more fully for man’s scien- 
tific and engineering progress. 

The Commission, under its expanded program to develop isotope 
principles and technology, has established three objectives: 

First, to fill the gap between basic and applied research in 
isotopes by carrying out developmental research; 

Second, to reduce the timelag between conception of a new 
principle and its practical application ; and 

Third, to create a broad base of new and improved technology 
so that uses of radiosotopes and radiation in industry, in agri- 
culture, in medicine, and in research can be extended and speeded 

up. 

The Commission sponsors work aimed at these objectives by a num- 
ber of regional university centers, by private laboratories, by our own 
national laboratories, and by a limited number of industrial organi- 
zations and other Government agencies. 

Usually, the Commission carries forward the work only to the 
point of demonstrating the feasibility of a new principle for using 
the isotope; further development, such as engineering, becomes the 
responsibility of private industry. In special cases, the Commis- 
sion may support development of a proof-of-principle working 
model. 

We have now had a year’s experience with the expanded isotopes 
program. QOuremphasis has been placed upon developing technology, 
the technology of using isotopes and of applying radiation to indus- 
trial processes, as well as upon improving methods of radioisotope 
production and preparation. This program is supported by the addi- 
tion of training courses for industry. 

Much of the isotope technology we are studying will bear directly 
on problems of public concern, as in the areas of water resources, 
weather, air pollution, and industrial waste treatment and disposal. 

During the past year, we have entered into research and develop- 
ment contracts covering a wide range of technical projects. 
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One example is a cooperative effort with the Weather Bureau to 
build an isotope-powe ‘red, unmanned weather station to continuously 
transmit weather information from remote locations. Weather data 
is & matter of universal interest and recently has become a common 
scientific meeting ground for all nations. The use of dependable, 
long-lived radioisotope power sources for unmanned weather stations 
would make possible a m: vjor advance in the science of weather pre- 
dictions. This would permit continuous collection of weather data 
from regions, such as the Arctic, where it was previously impossible. 

I have a small model of one of those here, Senator, 1f you would 
like to see it later. 

Representative Hosmer. Mr. Chairman, I presume this has to do 
with the thermoelectric devices. 

Mr. Fioperc. Not in the sense of direct conversion, if that is what 
you meant. This is an isotope source that is wrapped up in a package 
and becomes a heat source. 

Representative Hosmer. Thank you. 

Mr. FioperG. An investigation of importance to atmospheric pollu- 
tion determinations involves development of an analyzer for detect- 
ing contaminants in concentrations as low as 10 parts per billion. 
Under present procedures, data collection and analysis are slow and 
expensive to obtain. Smog control groups have emphasized their 
need for automatic, sensitive analyzers that will permit quick collec- 
tion of data and implementation of control procedures. 

Under the isotopes program, we are developing a unique analyzer 
using the fission product gas krypton 85 to measure directly the con- 
centration of atmospheric contaminants such as sulfur dioxide and 


ozone. This principle would provide a tool that would assist control 
of this national problem. 

The discovery, development, and conservation of water resources is 
a matter of ey interest not only in the United States but in 


many parts of the world. Problems vary from those of the arid zones 
of the world where the emphasis is on exploration, to those of highly 
industrialized regions where water demand has overtaken a previously 
adequate supply. 

Radioisotopes offer tools for increased understanding of under- 
ground flow of water, and many more water resource factors such as 
rainfall, runoff, ground water recharge, and waste discharge. This, 
in turn, will provide better understanding of the effects of those 
factors on reservoir development, land use, flood control, and quality 
of water. 

We have been working closely with U.S. Geological Survey and 
other groups in carrying out a systematic study of how nuclear tech- 
niques may be used in solving water resources problems. 

The program on industri al process radiation aims at putting to 
work the energy of massive quantities, millions of curies, of ionizing 

radiation. Sources of such radiation are fission byproduc ts, reactor- 
produced isotopes, and nuclear reactors. 

In this field we are exploring a basic scientific problem, the interac- 
tion of radiation and matter. Design of radiation sources for various 
specific processes is another broad area being worked out. Addition- 
ally, we will focus attention on processes including chemical, physical, 
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and biological changes of potential industrial interest that might be 
induced by ionizing radiation. 

An example of the type of work which we are carrying out is initial 
research and development to establish the feasibility ‘of producing 
chemicals with nuclear reactors, a reactor that might be described as a 
chemical factory. 

For example, it has been demonstrated that when mixtures of nitro- 
gen and oxygen, normal constituents of the atmosphere, are passed 
through the core of a reactor under certain conditions, nitric acid is 
produced. Production. of other chemicals of importance in the na- 
tional ec onomy, and even new produc ‘ts not now in existence, are among 
the possibilities. However, we are presently only at the very earliest 
research threshold of developing nuclear reactors into producers of 
bulk chemicals. 

Massive quantities of radiation energy may also be a means of 
converting coal into valuable new chemicals, and, accordingly, de- 
velop new markets for coal products. 

The Commission and the Bureau of Mines have therefore entered 
into a cooperative agreement for conducting research and develop- 
ment on beneficial radiation effects on coal and other natural resources. 
The Commission is providing a 100,000-curie cobalt 60 source for this 
project and will provide technical assistance. 

The Bureau of Mines is providing the necessary facilities and 
equipment and will carry out the experimental work. We believe this 
research may result in determining means of improving the utiliza- 
tion of the Nation’s coal and other resources. 

Under the program for production and process development, radio- 
isotopes and radiation sources are produced in Commission facilities 
to meet the changing needs of advancing science and tcehnology. In 
pricing of r alioisotopes, our objectives are to provide reason: able com- 
pensation to the Government, stimulate private sources of isotope 
supply, and encourage research and development. 

During the year the Commission substantially increased the quan- 
tities of tritium and krypton 85 for civilian use, 1 million curies of 
tritium and 100,000 curies of krypton. Studies performed during the 
year also have established the economic feasibility of producing radio- 
isotopes in power reactors. 

To provide increased opportunities in isotope technology training, 
the Commission established a special industrial radioisotope course 
at Oak Ridge. During 1959, three 6-week courses were attended by 
100 industrial scientists and engineers. 

Among other educational activities, 7 regional workshops on the 
industrial uses of radioisotopes were attended by more than 1,500 
scientists and engineers. 

That concludes that portion of the prepared statement. 

Representative DurnAm (presiding). In paragraph 152 you state 
that the Commission substantially increased the quantities of tritium 
and krypton 85 for civilian use. 

Is there any license advantage for us in that ? 

Mr. Froserc. This refers to the set-aside by the Commission of these 
quantities of isotopes. 
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Whether there have been any actual licenses issued after the set- 
aside, I would have to ask Mr. Price. 

Representative DurHam. You are speaking to the industrial uses 
and of the great benefit to a greater population. That is the reason I 
asked the question. 

Have you granted any licenses or have there been any requests for 
licenses for krypton and tritium ? 

Mr. Froperc. I would like to ask Mr. Price to answer that. He 
isthe Director of Licensing and Regulation. 

Mr. Price. I don’t have any figures that relate to the number of 
licenses to these particular set-asides, but I can get them for the record. 
There are outstanding about 5,500 isotope licenses. 

Representative DurHam. I am not speaking about isotopes. I am 
speaking about tritium and krypton. 

Mr. Price. Yes, sir. These licenses would include licenses for tri- 
tium and krypton. 

Representative Duruam. It would include those ? 

Mr. Price. Yes, sir. 

But I don’t have a breakdown that relates the number to these par- 
ticular set-asides of material. I will be glad to try to get it for the 
record. 

Representative Duruam. Thank you very much. It will be printed 
for the record. 

(The information referred to follows :) 

U.S. AToMic ENERGY COMMISSION, 
Washington, D.C., March 15, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, 
Joint Committee on Atomic Energy, 
Congress of the United States. 

DreaR Mr. RAMEY: During the 202 hearings on February 17, 1960, Mr. Durham 
requested Mr. H. L. Price to supply information as to the number of licenses 
which have been issued by the Commission for krypton 8 and tritium. This 
will inform the Joint Committee that the Commission has issued 197 licenses 
for krypton 85 and 515 licenses for tritium. 

Senator Anderson inquired as to the number of personnel in the Divisions of 
Licensing and Regulation and Inspection. There are at present 97 employees 
on the Licensing and Regulation Division’s staff, and 80 employees on the In- 
spection Division’s staff. 

Sincerely yours, 
R. E. HoLtiincswortn, 
Deputy General Manager. 

Representative Duruam. Does that complete your part of the 
statement ? 

Mr. Fuioperc. Yes, sir. 

Commissioner Graham will read the portion of the statement on 
the regulatory activities if you have no further questions on this 
portion. 

Representative DurHam. Are you ready to proceed ? 

Mr. Granam. Mr. Chairman, can we have just a moment’s break 
to change the cast of characters here? 

Representative Duruam. Very well. 
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STATEMENT OF JOHN S. GRAHAM, COMMISSIONER, AND STAFF 
MEMBERS, ATOMIC ENERGY COMMISSION 


Mr. Granam. Thank you, Mr. Chairman. 
In coming to this regulatory activities, Mr. Chairman, a little fur- 
ther along I want to introduce to you, if I may, Mr. William F. 
Finan, formerly Assistant Director for Management and Organiza- 
tion of the Bureau of the Budget. He has been with us for the past 
few months, and the units involved in his activities are the Division 
of Licensing and Regulation and the recently formed Office of Health 
and Safety. 

Chairman ANpERson. You may do so whenever you wish. 

Mr. Granam. I would like to ask him to put some charts up on the 
easel here, Mr. Chairman, and get him to explain to you the change 
from the old to the new form of regulatory activities that we have 
been concerned about here. 

Chairman Anperson. We are ready any time you are. 

Mr. Granam. Thank you, sir. 

Returning to item 154 of the prepared text, Mr. Chairman, in all 
of the Commission’s regulatory activities, protection of public health 
and safety is par amount. Our aim is to provide such protection 
through simple and economical processes which impose a minimum 
burden upon those who are regulated. 

Many of the Commission’s regulatory activities were based upon 
plans necessarily developed in advance of practical experience. Based 
on growing experience, we have initiated a to: (1) Realine our 

organization for regulatory activities ; (2) clarify and simplify our 
regul: atory proc edures; and (3) refine our safety and health criteria 
and standards, particularly ica bearing upon construction and op- 
eration of the very large reactors, the power and test reactors. 

Chairman Anperson. Has the regulatory function become any sort 
of burden on the Commission ? 

Mr. Grauam. Mr. Chairman, I can say that we take it seriously. 
We work at it rather diligently. It will be a growing burden because 
there will be more and more ‘of these coming in. I couldn’t say to 
you, sir, that it is the straw that broke the camel's back. I couldn’t 
say that. 

Chairman Anperson. I was just thinking when you are struggling 
with the reactor program for the next 10 years, what it feels like to 
get back and decide how you should handle a waste problem at Hous- 
ton or Galveston or some other place. 


Is that not somewhat different ? 

I am getting ready to ask a second question; how much time is spent 
in the regulatory matters? 

Mr. Granam. In the Houston case, sir, we had a full day’s hearing 
on that. We will now have to go through and read the record and 
come together and decide who is going to write the opinion, and then 
go ahead and do that. 

If I can analogize by treating these decisions in these cases as if we 
were in the Supreme ‘Court, and we try to do this work very con- 
scientiously, sir. 

Chairman Anperson. You say, just like you were in the Supreme 
Court. Therefore, this part of the work is sort of quasi-judicial ? 
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Mr. GraHam. Yes, sir. 

Chairman ANpEerson. Whereas, the development of weapons and the 
development of reactors for power is quite a different story ? 

Mr. GranaM. Yes, sir; it certainly 1s. 

Chairman ANnperson. I have made an observation once or twice 
that maybe we ought to study whether a separate board for regula- 
tion or licensing might seclliahty be set up. 

Generally speaking, there is a difference between these judicial 
functions and the ordinary functions of trying to promote and develop 
the use of atomic energy. 1 just wondered if you have given any 
thought to the splitting off of those functions which are purely regu- 
latory or might be termed judicial from the things which are quite 
separate from that. 

Mr. Granam. Mr. Chairman, you are exactly right. 

It seems anomalous in many respects to have us wearing a promo- 
tional hat and also a regulatory hat. At some point in time we try 
to draw the distinction of a cutoff point, where it goes to trial, if I 
may use that analogy, treating the hearing examiner as a Federal 
district court judge to take the evidence and render his opinion, and 
then it comes to us on an appeal, if I may think about it in those terms. 

Chairman Anperson. As the Supreme Court from the U.S. district 
court ¢ 

Mr. Granam. Wetry to think about it in those terms. 

Chairman ANnpberson. What I am getting to, Mr. Graham, is, sup- 
pose that if in this country when they started to build transcontinental 
railroads there had been an agency whose job it was to develop a pro- 
gram for transcontinental transportation by railroad: land grants, 
engineering. 

You may recall] how many surveys there were of routes to the Pacific. 
It runs into 15 or 20 volumes of big studies. Simultaneously, while 
the group was trying to promote, suppose they had also been the 
ICC, the regulatory board to decide what rates the railroads might 
charge, how many flagmen and switchmen and so forth they were 
going to have, what sort of rules they were going to abide by. 

Here they would be pushing it ahead with one hand and holding 
back with another. I think that would have been regarded as sort of 
ridiculous. 

I wonder if there is not going to come a point in the work of the 
Commission at which the regulatory and licensing functions might 
be split off from those functions which deal with the development of 
isotopes and the planning of atomic power plants in Antarctica, or 
some place of that nature. 

If some thought has been given to it, I would like to have it and 
1am sure the members of the committee would. 

Mr. Granam. Mr. Chairman, I am sure all of us think about it 
from time to time. I believe you are forecasting, as you have done be- 
fore in so many instances, that this time will come. I would not be 
prepared to say to you today that it is here. 

But to repeat, it is something that is in our minds just as it is in 
yours. I think sometime it is something that your committee and your 
staff and the rest of us should take another look at. You have not 
looked at it for, I believe, for 2 years. 
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Chairman Anperson. How many people do you have in this licens- 
ing division ? 

Mr. Price. There are about 105. 

I will correct the figure, but it is a little over a hundred. 

Chairman Anperson. Regulatory and licensing, or just licensing? 

Mr. Price. This is licensing and regulation. This does not include 
inspec tion. 

Chairman Anperson. There are about 100 in licensing and regula- 
tion ? 

Mr. Price. In licensing and regulation, slightly over a hundred. 

Chairman Anperson. How many in inspection ¢ 

Mr. Netson. About 60 professional people, including the field. 
(See letter, p. 96.) 

Mr. 'Toti. Mr. Graham, it should be pointed out perhaps that the 
Commission has made some steps in the direction of separation of 
powers and that perhaps some more could still be made before the ulti- 
mate separation or creation of a new agency was made. 

Do you think it would be possible to make some more steps still 
within the organization to separate out the regulatory functions. 

Mr. Granam. Mr. Toll, I think we are here t to try to answer some of 
those questions of what we are now trying to do. 

To repeat, if 1 may speak as a lawyer, and to analogize, we try to 
think of the hearing examiner as being in effect a Federal district 
court. When you have your case ready to present the evidence to him, 
he is ready to receive it and to render the decision. From that it 
either comes to us as the appellant court on an appeal or we take it 
ourselves to see if we want to remand the case for further hearing. 

I can speak only in terms of the analogy here, but at least we are 
conscious, if I may put it this way, of the need for public hearing and 
the production of the evidence on the record. 

Mr. Ramey. Following your analogy a little further, you have 
in the Federal court system a circuit court of appeals where most 
of your cases are finally settled. I think one of the things we were 
looking at in the committee staff study a couple of years ago was 
perhaps that you ought to have some intermediate scheme of a 
board within the Commission that would decide cases without their 
having to go all the way up to the Commission. That would be over 
your hearing examiner 

Mr. Granam. I used the words, the analogy of the appellate court, 
in this sense, that we do try to look at the ‘record to see if the case 
is made. 

In one case where we did not think it had been completely made, 
we remanded it and asked for further evidence. I suppose if you 
want to put it this way, beyond us there is an appez Pe to the real 
Federal court. There is a case pending there now. 

Chairman Anprerson. Mr. Ramey and Mr. Toll are both lawyers 
and they understand what you are talking about. I was just kind 
of curious if there was not some chance of getting a legal separation 
before we got an actual divorce. 

Mr. Granam. Mr. Chairman, they are very good lawyers, too, if 
I may say so, and this is why I suggested that since they had not 
looked at this for a couple of years that maybe it would be time to 
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sit down and take another look, because the load will get greater : 
the time goes on. It is not a closed matter. 

Chairman ANnperson. Go ahead. 

Mr. Fioserc. May I make one comment on this point on the 
record ¢ 

I thought before I ever came on this Commission, and when I 
was practicing law here in town, that the margin between the pro- 
motional and the judicial functions was an unnatural one, and I 
thought it with regard to other administrative agencies in town 
before I knew anything about the Atomic Energy Commission. I 
have long thought that this was a poor method of organization, and 
I think the bar generally is critical of this measure as regards all 
the administrative agencies in town. 

I might add that my experience on this Commission has done 
nothing to “erg my opinion in that regard. On the contrary, it 
has fortified 1 

I think you are putting your finger on this particular agency be- 
cause you have experience with it directly. But I think the observa- 
tions that are made on this subject with regard to this agency can 
be made with regard to almost any other quasi-judicial agency in 
town. 

I hope that this committee may trigger some action that will have 
more universal application than just with regard to this Commission. 

Chairman Anperson. Thank you. 

Representative Hosmer. Are there other areas in the Commission 
organization that ought to be examined or reexamined? Is it a 
general sort of thing that we ought to go into and see if the organi- 
zation still fits the need, or would you just stop with the regulatory 
activity ? 

I am asking you, Mr. Floberg, because you seem to have been alert 
to organizational matters. 

Mr. Froperc. I am just talking about this one particular problem 
at this moment. 

Representative Hosmer. Since you have been on the Commission, 
have you noticed other things that ought to be taken up in course 
and examined and handled possibly by changes in the law. 

This is a kind of a hooker, but since you opened up the door we 
might as well ask your opinion. 

Mr. Frozerc. We just went through a study here on other organ- 
izational changes, and I have plenty of ideas if I were king and I 
could implement; : yes, sir. 

I think that the basic organization of the Commission in other 
respects is pretty good at the present moment. But is is always sub- 
ject to revision. 

I do think that this one particular philosophy that has gone through 
the administrative agencies for some 20 years now is one that should 
be scrutinized, however. 

Representative Hosmer. In short, you decline to state? 

Chairman Anperson. He gave you the railroad sign, “Proceed with 
caution.” 

Mr. Frozerc. I am not taking the fifth, Mr. Hosmer. 
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I think we did go through t pretty comprehensive combing within 
the last year. I don’t think this is a subject that is ever completed. 
It is just temporarily suspended. 

Representative Hosmer. Thank you. 

Chairman ANnprrson. I did not try to get into this an argument 
of any kind. It does seem to me as you go on with your work you 
are going to some day come to the point where the regulatory, the 
licensing thing, ought to be split off from the other things, because 
they do seem to be distinct functions and we would like to have the 
thinking of the Atomic Energy Commission along that line any time 
you care to submit any ideas to us. 

Go right ahead, Mr. Graham. 

Mr. Granam. Thank you, Mr. Chairman. 

I have spoken about Mr. Finan, which covers section 156, so I shall 
go on to section 157. 

Direct inspection of licenses for compliance with regulations will be 
transferred from the Inspection Division and placed in a new Di- 
vision of Compliance under the Assistant General Manager for Regu- 
lation and Safety. The Inspection Division will, of course, retain 
its overall statutory responsibilties. 

The already heavy workload of the Advisory Committee on Re- 
actor Safeguards undoubtedly will continue to grow. 

Interpolating, Mr. Chairman, this is bound to grow just as the 
work you spoke of in the whole regulatory field will do, as these re- 
actors increase in number. 

To enable the Committee to handle this workload, the Commission 
and the Advisory Committee on Reactor Safeguards are working to- 
gether to simplify and strengthen working arrangements between the 
Committee and Commission staff. 

Chairman Anperson. Could you give us the amount of time spent 
on an application, one like the Yankee reactor or Commonwealth 
Edison or Consolidated Edison ? 

Are there any estimates you can give us as to how much of the Com- 
mission’s time these things take ? 

Mr. Granam. Mr. Chairman, they have a very high-class group on 
the Reactor Safeguards Committee. I believe they try to meet at 
least quarterly. They do have quite a long agenda. They work dili- 
gently, and I believe sometimes far into the night. 

Chairman Anperson. Yes; I am sure of that. 

Mr. Granam. They are an extremely helpful group, as you know. 

Chairman Anprrson. Thank you. 

Mr. Granam. The steps we are taking to improve procedures are 
directed particularly toward licensing of large power and test re- 
actors. Experience with our early regulations have proved them to 
be too general. They are silent on some points in which prospective 
licensees and the public need information. The Commission on Feb- 
ruary 11, 1960, published for public comment in the Federal Register 
three proposed regulations modifying its reactor licensing policies 
and procedures. 

The first proposed change would define the point at which a permit 
for reactor construction must be obtained. It would allow compo- 
nent procurement, site acquisition, and clearance and excavation, but 
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not the pouring of foundations, before issuance of a construction 
permit. 

_ Representative Hoxirrerp. At that point why do you allow private 
industry to take on the obligations of buying the land, clearing and 
excavating, and all that sort of thing, when they have no assurance 
that they will receive a construction permit? 

Mr. Granam. That is a good question. It is a matter of judgment. 
It seemed to us that when you prepare your land and you can go on 
with certain site acquisition, that this usually takes some period of 
time, and it has been our experience that they can be doing that while 
they are firming up some of the design details and the last bit of work 
they should do before they are ready to come in. 

Representative Hotirretp. But they have predicated certain moneys 
for these purposes before they even come to you for any evaluation of 
their reactor concept and the safety of it. That has gotten you in 
trouble in the past by allowing these companies to locate these reactors 
close to big centers of population without giving them their operating 
permit. It seems to me that this whole thing ought to be looked at 
very carefully and that the first step that any company should make 
would be to get the approval of the type of reactor they want to build 
and know that they have got that and then go out and get their land 
and spend their money for their land and excavation and procurement 
of component parts for a reactor. 

Mr. Granam. Their commitments could be for the turbines or the 
long leadtime items. It could be perhaps for a pressure vessel. I 
think the point that we are trying to draw here, if I may say so, Mr. 
Holifield, is that once you start pouring concrete that affects the de- 
sign of your plant and sometimes that design has not always been 
worked out. They may be in the process of doing it as they go. It 
is this part that is a little difficult for the Government agency to say: 
“You won’t even clear your land, or won’t let you do any preliminary 
work without getting a full construction permit.” __ 

Representative Price. Didn’t you tighten up a little on that in the 
last couple of weeks, that you definitely stated that there would be 
no construction permit approved or granted in the future until after 
the situation had been definitely approved ? 

Mr. Gramam. What we have published for comment, sir, is to say 
that if you start pouring concrete, at that point in time you have to 
have a construction permit. 

Representative Price. Yes. idee 

Isn’t there something new that you did in the last month or so in 
that regard which definitely made it known that there would be no 
construction permit granted until Suey had gone through the process 
of definitely approving the situation? Is that right, Mr. Price? 

Mr. Price. The regulation that he is now talking about plus the 
next one accomplish that purpose; yes. _ See 

Mr. Ramey. On this point that was raised here, has the Commission 
had any instances where an eer has started to pour concrete or 
do things beyond the stage that the Commission has set up in this 
proposed regulation as it stands? — . 

Mr. Grauam. It is my recollection that we had one rather difficult 
case, Mr. Ramey, some months ago. The reactor in question was, let 
me just use the terminology of a proven type or a standard type, 
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which would not have given the reactor safeguards people any par- 
ticular problem. Then they came in with a proposal to add something 
else on to it. This had not been fully designed, had not been worked 
out, and it was on this point that you could not say, with the new 
gadget added on, that you could draw the conclusion of reasonable 
assurance that this would be safe from the standpoint of health and 
safety. This is what gave us a great deal of difficulty. It was this 
rather dramatic experience which caused us to take a new look at this. 

Chairman Anperson. Is there any reason for not naming the case? 

Mr. Granam. It was Northern States Power. 

Chairman Anperson. Yes. It is now straightened out ? 

Mr. Granam. I think we have straightened it out up to the point 
of the old design, and the new design will have to come in and be 
fitted in. 

Representative Hottrietp. Mr. Chairman, I think this whole sub- 
ject here is quite important, the approval of sites and so forth, prior 
to the issuing of licenses. I hope some time—I don’t know that this 
is the time, and probably it is not—Mr. Roger McCullough will be 
called before our committee to give us some additional information 
on this. 

I have long felt that this field should be handled like it has been 
handled in England, if I am correctly informed. In England the first 
thing that is done is to obtain the approval of the site in relation to 
the type of reactor that is to be built by their group, and then they 
start out. 

I seems, from a safety standpoint, this would be a protection to the 
businessman. Let us take the PRDC. There is still a lawsuit in re- 
gard to the site on PRDC at Lagune Bay. That is the one that has 
gone to the Supreme Court. 

Mr. Granam. It has gone to the circuit court. I think it is to be 
argued on March 14. 

Representative Hortrrerp. Yes. 

There is also some question as to the safety of this type of plant in 
that particular location. The fact that they have ahead and put many 
millions of dollars into it, it would work a tremendous hardship on 
them if this was found to be unsafe. And, yet, the protection of the 
people might cause just that sort of thing to happen. 

This granting of a construction permit and then, finally, granting 
of an operating permit, it seems to me, causes private industry to 
take a terrific gamble. The pressure becomes so great to grant the 
operating license, because of the financial investment, that I am won- 
dering if a body, which in this case is not a separate body but a part 
of the body that granted them the first steps in their procedure, is 
not put in a very bad position, to deny them at the last moment in 
the public interest an operating license. 

As I see you begin to pull these things together here I am hopeful 
that some procedure can be evolved that will be fair to industry and, 
of course, protect the public at the same time. 

I recognize, in going into a new field like this, you have a problem. 
I am not unaware of the fact that we are experimenting here. But 
the very fact that we are experimenting and that there is a possibility 
of an unsafe plant when it gets to the finished stage, and the pressure 
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to allow it to operate and so forth, it seems to me those points ought to 
be resolved ahead of time. 

Mr. Granam. It is a difficult problem, Mr. Holifield. I think we 
are making some progress. If I can go on from here, I think we are 
trying to show some of the steps we are taking. 

Chairman Anperson. Go ahead, Mr. Graham. 

Mr. Granam. The second proposed change in the regulations would 
clarify the requirements to be met for issuance of construction per- 
mits recognizing, however, that most decisions must be based on case- 
by-case considerations while the developmental stage in reactor tech- 
nology continues. 

Permits may be issued on a provisional basis if there is reasonable 
assurance that the proposed site is suitable from a safety standpoint 
for a reactor of the power level and general design concept proposed. 
This may be done, even though there remains ‘to be performed re- 
search and development wor kk on some design questions affecting 
safety, upon a showing that the applicant will conduct a research and 
development program on these questions. The applicant may apply 
at any time for an amendment to his permit granting approval of 

satisfactorily resolved design features. 

Chairman Anperson. As I understand this, Mr. Graham, you say 
this is done on a case-by-case basis, and paragraph 160 refers to 
Northern States Power, paragraph 161 refers to the PRDC. 

Mr. Graram. At this point, Mr. Chairman, could we put up these 
two charts on the old construction and the new, and perhaps this? 

Chairman ANprrson. 162 relates to Commonwealth of Chicago. 
So what you are saying, it seems to me, is that we learn these things 
by experience, and, case by case, we try to find the things we have to 
do to make this regulation work. 

Mr. Granam. I think perhaps the best description I can give of the 
problem was expressed the other day in our meeting with the reactor 
safeguards people. They were saying each one of these new reactors 
has something new or novel in it. So long as you do have that, you 
have this design problem that I have mentioned earlier with respect to 
the Northern States power companies 

It is not as though you h: ud a body of experience in these large reac- 
tors such as you might have in the small research reactors, for example, 
and you are moving on a step-by-step basis. 

If I can still use an an: logy, you may be designing as you are still 
building. 

If I can still quote them, they don’t quarrel with this kind of ap- 
proach because you are trying to improve the art, you are trying to 
make some new steps, and, in the words of the joint committee, you are 
not trying to have just carbon copies. 

If all of us recognize what the problem is, how you are trying to go 
and what the limitations are, I think maybe it will give all of us a little 
more of a feeling of what we are trying to gr apple: with. It is on this 
point that I used the words of a case- -by- -case basis because we just don’t 
have the experience. 

Could I ask Mr. Finan to talk about the old provisional construc- 
tion permit and the new one, bearing in mind the observations which 
I have just made here of what the problem is as we see it. 

Mr. Fran. I hope these charts are legible from this distance. We 
set them up in parallel columns so that you can follow them. 
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STATEMENT OF WILLIAM F. FINAN, ASSISTANT GENERAL MAN- 
AGER FOR REGULATION AND SAFETY, ATOMIC ENERGY 
COMMISSION 


(The charts used by Mr. Finan appear in appendix 12, p. 677.) 

Under current regulations the criteria for the issuance of a con- 
struction permit, briefly stated, are, first, a reasonable assurance that 
the facility of the general type proposed can be constructed and oper- 
ated at the proposed location without undue risk to the health and 
safety of the public. 

You will note there is an inference in the current regulation that the 
problems involved in safely operating the facility can be adequately 
reviewed and taken into account at the time the construction permit is 
issued. Experience has indicated that is asking both the applicant, 
the Commission, and, for that matter, the ACRS, to go farther than 
technology actually permits at this time. 

So the criteria in the proposed regulation is reasonable assurance 
that the proposed location is suitable from a safety standpoint for a 
facility of the size and general design concept proposed. 

Chairman Anperson. You take the reactor completely out of it. It 
is just a question of the site? 

Mr. Finan. No, sir. It makes the reactor issue one of whether its 
size and general design concept wonld make it suitable for the site. 
It admittedly leaves open certain specific features which are to be the 
subject of research and development and to be worked out concur- 
rently with the construction of the reactor. 

Chairman Anperson. Let us read it again. 

Reasonable assurance that the proposed location is suitable from a 
safety standpoint for a facility of the size and general design of the 
concept proposed. 

Mr. Finan. Yes. This marries a consideration of the site to the 
general type of reactor that is contemplated, and no more at this 
stage, in order to get a construction permit. Plus, of course, three 
more criteria that also must be applied and must be used, two of which 
are the same as we have now. 

We remove this element in here that this reactor can, in fact, be 
operated as contemplated at that time. 

Chairman Anperson. I see. You remove it. 

First, you say you have to have reasonable assurance that the fa- 
cility issafe. This puts it that the site is safe. 

Mr. Frvan. The site is safe for a reactor of the general size and 
design concept that is proposed by the applicant. 

As you know, Mr. Chairman, far better than I, there is a direct re- 
lationship from a safety point of view between the site and the type 
of reactor. There are some sites in the world where most any kind of a 
reasonable reactor could be built with safety, and there are others 
where, from an economic point of view, they are probably ruled out. 
At least, they are at this stage of the game. But the two always have 
to be considered together. 

Mr. Ramey. Does this make it easier, to loosen it up some, than the 
way it was before? 

Mr. Finan. I don’t know whether you would call it easier or 
whether you would call it loosened up. 

52950—60——_8 








106 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


On the basis of the experience the Commission has had to date, it 
comes closer to meeting the facts of the situation. 

Representative Houirretp. Has it moved toward the English method 
of approving the site first? You are transposing, as I see it. In one 
case you ask for more information on the facility, and require reason- 
able assurance on that. In this case you have your reasonable as- 
surance that the site is suitable. You are kind of twisting words 
there, and I am not sure what you mean. 

What do you relieve the Commission of in this new criteria? Do 
you relieve them of any obligation to issue a construction and operat- 
ing license by this change? 

Mr. Fran. It enables the Commission to issue a construction per- 
mit with, let us say, a clear set of ground rules laid down at that point 
which are understood by the Commission, its staff and by the appli- 
cant, of what the unresolved safety issues are which must be satisfac- 
torily resolved before the applicant can ever expect to actually operate 
this reactor. 

Chairman Anperson. You drop out all reference to the health and 
safety of the public? 

Mr. Finan. No, sir. 

Chairman Anperson. I read it in one place and do not read it in 
another. 

Representative Horirietp. Suitable from a safety standpoint. 

Mr. Finan. You have to look at all four criteria. 

There actually will be five criteria in the new regulation. You 
have to fit them all together to see exactly where we come out. 

The old criteria, the No. 2, is reasonable assurance that technical 
information required to complete the application will be supplied by 
the applicant. For that we substitute the major features or compo- 
nents on which further research and development work is needed to 
assure the safety of the facility. This is a substitution. 

Mr. Ramey. Isn’t that loosening it up some? 

Mr. Finan. Three and four are the same. 

Mr. Ramey. Isn’t the difference between those ? 

You say you just identify the research and development work that 
has to be done. 

Mr. Frnan. Then you get down to 5. The fifth is a commitment 
by the applicant that he will conduct a research and development 
program to investigate the unresolved safety question. 

Mr. Ramey. Again that he will conduct the program. But, as I 
read the existing criteria, not only do you have to conduct a program 
and identify the things they have to work on, but you have to have 
some assurance that you expect it tocome out safe. 

Mr. Finan. At the time these start—and this has been true in the 
past—everybody hopes and expects that the research and development 
program will be a success. 

Chairman Anperson. Why don’t we just apply this to the PRDC 
case. In item No, 2, at Laguna Beach, you would say there are these 
factors that need to be identified and we identify them as follows: 

No. 1, they haven’t done this; 2, they have to test this; and so forth 
and so on. Then you get down to the fifth requirement and say the 
applicant will conduct a research and development program to in- 
vestigate the unresolved. 

He doesn’t have to solveit. He has to look at it. 
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Mr, Frxan. If he does not solve them, he will not get an operating 
license. 

Chairman Anperson. Where does it say that ? 

Mr. Finan. If it doesn’t say it on this chart, Mr. Chairman, it is 
implicit in everything I have said. 

Chairman Anperson. If it is implicit, why not say it ? 

Mr. Finan. The regulations take care of that. 

Chairman ANnperson. Where in the regulations ? 

Mr. Frnan. In the proposed regulations that are now out in public. 

Chairman Anperson. The other one says issuance of a construc- 
tion permit would not be inimicable to the common defense and se- 
curity and health and safety of the public. That is the guarantee 
on one side. That isthe present guarantee. Thenew? 

Mr. Finan. No,sir. This is also here; these are identical, three and 
four are identical. They are retained. 

Mr. Ramey. Under two, isn’t there an implication in your present 
regulation that in order to grant a construction permit now there must 
be reasonable assurance that the research and development program 
will provide adequate information to solve the safety problems of the 
reactor. Isnt that missing from your revised one é 

Mr. Finan. No; I don’t believe it is. 

Chairman Awnperson. In other words, that this safety program 
will be successful. 

You say no it isn’t, and I would guess yes, it is. This would look, 
on the face of it, as if this is a way of getting around the PRDC 
case, that they don’t have to come up and cure the things. All they 
have to do is take a peek at them. 

Mr. Finan. No, sir. 

The fact is that PRDC is now constructing under the present 
regulation. 

The issue is what is required to get an operating license. 

Chairman ANberson. They are constructing, but somehow they 
are in court. 

Mr. Finan. Yes. 

Chairman Anperson. This would say you can’t take them into court 
because they are doing what you say. They have figured out the 
things that are dangerous, and they have agreed to investigate them. 
They have not agreed to solve them. They have agreed to investi- 
gate them. So give them the permit. Why hold them back? They 
have agreed to all the things that the criteria call for. It calls for 
an investigation. 

Mr. Frvan. I don’t know how far we can go here in talking about 
a matter that is under litigation. 

Chairman Anperson. I don’t either, but, not being a lawyer, I don’t 
have any hesitation. 

Mr. Finan. One of the arguments on one side of this case is that 
we are in court prematurely, that these issues would throw it into 
court when the operating license came up rather than the construc- 
tion permit. In other words, the same point you are making under 
existing regulation, as I understand it. . 

Representative Price. Let me try to think it out. 

The No. 2 provision is the one you feel tightens up the regulation 
in that you are going to be reasonably certain that the situs of the 
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location is suitable for the general type of reactor. Before you go 
to a provisional construction permit, the features of the components 
that might be questionable from a safety standpoint are definitely 
identified. So you are not groping in the dark. You know what 
you are worried about. Then, before you issue a full-fledged permit, 
these points have to be resolved. 

Is that the situation ¢ 

Mr. Finan. ‘That is correct. The applicant can either come in as he 
successfully solves these listed problems and get his construction per- 
mit amended so he is clear on the item, or he can wait until he is all 
through and come in with one proposal. 

Represent: ative Price. Under the old criteria you could have issued 
the permit without the areas of doubt being clearly identified. There 
could be doubt in there that you would not “have identified. 

Mr. Finan. We could have, as I understand it. I am very new to 
the Commission, but my understanding is that the Commission in 
fact did not. It could have been done. 

Representative Durnam. In No. 2 why did you use the word “ma- 
jor?” Why didn’t you say features or components requiring further 
research? Somebody is going to have to say what is the major 
feature. How will we determine that major feature ? 

Mr. Finan. The issue of whether the item is or is not major will 
depend on whether it does have some important connection with the 
question of whether the reactor can be operated with reasonable as- 
surance that it is safe. 

Representative Duruam. I would think you could cover the whole 
reactor with one word. 

Chairman Anperson. What purpose does the word “major” serve? 
Is it screening to take out certain sections, or isn’t it ? 

Mr. Frnan. Sir! 

Chairman Anverson. Is the word “major” for the purpose of 
screening out a lot of minor objections? It is pretty hard to tell. 

I imagine that the Dresden plant, which is now in operation, the 
little things that are considered major now would not have been con- 
sidered major earlier. 

Mr. Finan. To the extent that they are part of the control system, 
that whole feature was regarded as major, and still is. In other 
words, it makes no difference to us Mr. Chairman, whether for want 
of a nail the shoe is lost. 

Chairman Anpverson. If you leave the word “major” out it doesn’t 
make any difference. 

Mr. Finan. Again, unfortunately, we are talking about a group of 
charts which is an effort to condense what is in the regulations. We 
are not talking about the direct wording of the regulations. The 
point we are trying to get across, Mr. Chairman, is that we will 
identify the important items and there will be limitations in the con- 
struction permit that will have to be later formally removed before the 
provisional character of the construction permit is lost. 

The point we wanted to make clear to you is that we were not going 
to concern ourselves with every possible small nut and bolt in the 
project in this manner. That is all that the word “major” means. 

Representative Durnam. In No. 1 you say reasonable assurance that 
the proposed location is suitable from a safety standpoint for a fa- 
cility, period. Then you would have it tied down and go on to the 
design of the concept proposed. 
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Chairman Anperson. There are two things I would like to suggest. 
One is that I would like to have Dr. Rogers McCullough come here 
and, from his experience, tell us what he sees in these two charts. 
Scondly, I would like to suggest that whoever is responsible in this 
field for the AEC get together with the staff of the Joint Committee 
and see if we sannot study what these things mean in the light of 
the regulations you already have. 

I am frank to say I do not know, and I do not think any of the rest 
of us know. 

Rather than argue about the language of this chart, I remember 
what happened when the man tried to rewrite the Ten Command- 
ments—we would probably have trouble rewriting these here today. 
Some of us are going to try, but it may not be too significant. 

Maybe we ought to let these charts go, let Mr. Graham finish his 
testimony, and let the staff try to work out with your staff, if that 
is agree: ible, General Luedecke, some of this information. 

If you will get in touch with Mr. Ramey and Mr. Toll and other 
members of our staff, whether it may be necessary, and let us under- 
stand what this is, we probably will save time for the whole group. 

Mr. Granam. I think that is a very good suggestion, Mr. Chairman. 

We did want to bring them to you and just ‘emphasize that this was 
out for public comment on February 11. We did discuss them in- 
formally with Dr. McCullough and his group. He thinks it is a step 
in the right direction. We did not ask ‘him or his group to approve 
them beforehand. They will comment on them, as ‘will others, when 
they are out. Wee ertainly want their comments and suggestions, and 
also from the Joint Committee. 

Chairman Anperson. We will try to work it out. 

Go right ahead. 

Mr. Granam. Thank you, sir. 

Chairman ANnpErson. Suppose you start with 165. 


STATEMENT OF JOHN S. GRAHAM, COMMISSIONER, AND STAFF 
MEMBERS, ATOMIC ENERGY COMMISSION—Resumed 


Mr. Grauam. Yes, sir. 

Several years ago the Commission established detailed health and 
safety standards relating to permissible exposures to radiation. Based 
on revised recommendations of the National Committee on Radiation 
Protection and Measurement, the Commission some months ago is- 
sued for public comment proposed changes in its regulations. In view 
of the extensive public interest and numerous suggestions received, the 
period for public comment was twice extended, and further revisions 
are being made in the proposed amendments. 

166. Last February the Commission amended its regulations to pro- 
vide a simplified licensing procedure applicable to the use of g gaging, 
measuring, and controlling devices containing radioisotopes. It is the 
Commission’s experience that many of these devices can be designed 
so that they may be safely operated by persons not trained in radia- 
tion protection. Under the amended regulation, the user does not 
have to apply for a specific license, provided that suppliers obtain 
specific licenses authorizing the manufacture and distribution of the 
devices. 

167. Within the near future, the Commission expects to seek public 
comment on two proposed new regulations containing safety criteria, 
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one covering the use of radioisotopes in radiographic operations, the 
other establishing standards for the shipment of irradiated fuel ele- 
ments. 

168. In the field of power and test reactors, we published last sum- 
mer a notice of proposed rulemaking to prescribe factors considered in 
site evaluation. The proposed regulations were the result of consider- 
able staff study and consultation with the Advisory Committee on Re- 
actor Safeguards. Comments and suggestions were invited on the site 
factors, and on possible development of definitive site criteria, which 
might be incorporated in the Commission’s regulations. A substan- 
tial number of comments indicated that the guidance intended by the 
proposed regulation is desirable. Many stated, however, that quan- 
titative site criteria should not be prescribed by regulation at this time 
because the reactor industry is new and the “factors associated with 
siting too variable. 

Representative Houirrerp. What do you mean by “quantitative” in 
that comment ¢ 

Mr. GraHam. What we mean there, Mr. Holifield, is that many of 
the reactor people, where you have the novel features which we have 
been talking about, object if you tried to pin them down in regulations. 
Instead they favor, let us say, the informal type of criteria “that you 
use, when you get it into the reactor field. If these criteria get em- 
bedded in regulations, and if you have to change them on the next go- 
round, it will take forever to get them out. I think this is really the 
chief objection. 

Representative Honirretp. Did that theory come from the reactor 
manufacturers rather than the reactor safeguard committee / 

Mr. Grauam. I think the reactor safeguard committee has some 
question about putting it into regulations, sir. 

Representative Houirrevp. Did the suggestion that you not go into 
a quantitative field come from the reactor manufacturers or from the 
safety ; ommittee ? 

Mr. Granam. Let me ask Mr. Price. 

Mr. Price. I think the correct answer is both. I think the safe- 
guards committee feels that it is a little bit early to be putting 
numbers down. 

Chairman Anperson. They had very permissive numbers; didn’t 
they ¢ 

Mr. Pricer. Yes, sir. 

Chairman Anperson. This objection came from the industry; did it 
not ¢ 

Mr. Price. I am going to answer that part of the question, too, 
Senator. 

Chairman Anpgrson. This was going to be something within about 
10 to 40 miles, and the industry did not. like that. 

Mr. Price. They didn’t like it at all; that is right. 

Chairman ANDERSON. That is right. 

Mr. Pricer. But I think it is fair to say that the safeguards commit- 
tee also probably is not too enthusiastic with using definitive numbers 
at this time. 

I think we can satisfy the safeguards committee. I don’t know 
whether we can satisfy industry or not. But we can certainly develop 
some guides here on site criteria. 


Mattes luck. COU 


0 
ot 
ot 
ju 
di 


re: 


ha 


pu 
mi 
thi 


cor 
you 
abe 
reg 
mit 
mal 
one 


abl. 
thir 


Wit] 








oe 
n 


a 

[8 

h 
n- 
1e 
n- 
ne 
th 


rou 
‘m- 
v0- 
the 
‘tor 
ome 
into 
the 
sa fe- 
ting 


idn’t 


lid it 
. too, 


about 


mumit- 
mibers 


know 
evelop 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 111 


These numbers that were talked about, that were objected to, are 
the numbers that we put in this proposal that related to exclusion dis- 
tances and distance from populated, densely populated areas. That 
is where the argument is, as to how definitive those numbers ought 
to be. 

Chairman ANpbrerson. But you came up with a measurement of 10 
to 40 miles from a densely populated area. 

Mr. Price. I think we used a minimum of 10 to 20 for large power 
reactors, and we didn’t put an upper number on it. 

Representative Houtrretp. This illustrates again, Mr. Chairman, the 
contradictory position which the Commission finds itself in. They 
are anxious, and the committee is anxious to have reactors built, 

You enter into this problem: If you require 50 miles, you lose a 
certain amount of electricity in transmission, and therefore it affects 
the economics. On the other hand, if you put it 10 miles, you may be 
putting the reactor where it is not safe, at the 10-mile spot, where it 
would be perfectly safe at 50. 

You have this conflict continuously, and you are on both sides of 
the table. You want to build the reactor, you want to issue the license, 
we want you to do it, and the plant people want it to be economic, and 
we want it to be economic, but then comes the conflict. It is a safety 
conflict. That is why I asked the question about putting down defi- 
nite, quantitative figures in these regulations. 

If you surrender completely on that point, what you are doing, of 
course, is trading safety for dollars. I am not saying you are doing 
it, you understand. 

Mr. Price. I think it would be fair, Mr. Chairman, to say that one 
of the main troubles with these numbers is that there are so many 
other factors besides. This is a complex problem. There are so many 
other factors that relate to whether a site is all right that you don’t 
just solve it by saying 50 miles or 20 miles. That is one of the 
difficulties. 

Representative Horrriretp. No; you don’t because the different 
reactors have different degrees of safety, built-in safety and built-in 
hazards. I understand that point. 

We are bringing electricity several hundred miles from the Boulder 
Dam to Los Angeles, for instance, and I think where the safety of the 
public is involved, that is of more importance than locating a site 10 
miles from an area or putting it 50 miles from a population area, at 
this stage of our reactor experience. 

Mr. Ramey. Each year now, I think for about the last 4 years, the 
committtee always raises the question on when you are going to have 
your safety criteria developed, and the other question always is what 
about. providing for alternative sites when you are going into these 
regulations. That is in relation to your provisional construction per- 
mit criteria. If you had a provision for alternate sites, then it might 
make more sense having provisional criteria. But if you have just 
one site to look at, then it ought to be a very safe site. 

Mr. Granam. I think you are right, Mr. Ramey. And it is desir- 
able if there can be alternate sites. 

I believes sometimes a utility may not have that much leeway. I 
think Mr. Holifield has summed up the dilemma that we are faced 
with. Where we do have to look, in the final analysis, at the public 
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health and safety. In all of these there is somewhat of a judgment 
factor, particularly when you get into the Northern States Power case 
where you could have gone along pretty well up to one point, but 
when you add on something new that has not been designed, that 
changes the whole thing. 

I think we all recognize that there are no easy answers. We are 
struggling with them, and, with your help, we hope to solve them a 
little better than we are doing. 

Chairman ANnperson. In view of the pressure we have on time, 
would you mind if we shift to contract activities and insert the balance 
of your statement ? 

Mr. Granam. No, sir. I would be very happy to, sir. 

Chairman Anperson. Very well. 

Mr. Grauam. The complexities of the problem of site criteria, and 
its interrelation with problems of design, containment, and operation, 
are becoming increasingly evident, and our study of criteria on all 
the major aspects of reactor safety has recently been expanded. With 
the cooperation of the Advisory Committee on Reactor Safeguards, 
the Commission established a special working group, in which ex- 
perts from industrial organizations are participating, to examine the 
present status and future course in the program to develop detailed 
criteria and other tools useful in the safety evaluation of reactor 
projects. 

Chairman AnpEerson. We will go to section 170. 

Mr. Granam. 170. During 1959 the contract activity of the Com- 
mission exceeded in terms of dollar volume of contract commitments 
every previous year except the peak year of facility expansion that 
followed the Korean emergency. 

171. In recognition of the important role of its contract program, 
the Commission late in 1959 established as part of the General Man- 
ager’s Office, the Office of Contract Policy. The director of this new 
office is John R. Moore, who brings to this post 9 years’ experience at 
our Oak Ridge Operations Office where he served both as principal 
contract negotiator and as chairman of the Contractor Selection 
Board. 

172. The Office of Contract Policy consolidates review and formula- 
tion of contract policy. We look to this office to provide a focal point 
for assistance to the General Manager, headquarters and field staff 
on major contract policy matters, such as contractor selection and 
fixed-fee schedules. Establishment of this office will not impair the 
authority of program divisions and managers of operations to ne- 
gotiate and administer contracts. 

173. Additional authority has been decentralized to the field in the 
reactor development program. Technical and contract administration 
responsibilities have been assigned to specific offices by reactor con- 
cept. For example, the Oak Ridge Operations Office has been as- 
signed administration of the gas-cooled reactor program as a primary 
responsibility. A related effort is to concentrate in a designated 
office responsibility for handling business matters relating to all 
Commission contractual activities with each major contractor. 

174. Increased use is being made of master or task-type contracts. 
Under such contracts, one set of general terms or conditions applies 
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uniformly to all Commission work placed with a company. Greater 
administrative efficiency is expected to result from these changes. 

175. Further, the Commission modified its policies to permit man- 
agers of operations to submit directly to the Comptroller General of 
the United States any cases arising from mistakes in bids prior to 
award. We have modified our policies to permit managers of opera- 
tions, as of February 11, 1960, without referral to headquarters, to 
make awards to small business concerns or contractors who will per- 
form work in surplus labor areas at a differential of up to 12 percent 
over a low foreign bid. 

176. During the year the Commission worked out with the Admin- 
istrator of General Services the relationship of the recently issued 
Federal procurement regulations to the procurement authority con- 
tained in the Atomic Energy Act. It has been agreed that these 
regulations do not impair any authority contained in the Atomic 
Energy Act. The Commission will follow the regulations in all 
areas except those in which the special nature of our programs re- 
quire otherwise. In addition, essentially all AEC procurement policy 
will be published in the Federal Register. 

177. As reported to the Joint Committee during the last session, 
appeals arising under “disputes” articles of contracts now are heard 
by a single hearing examiner instead of by the Advisory Board of 
Contract Appeals. Our experience indicates that the delays which 
have occurred have resulted primarily from the request of parties, not 
from the procedure. The time required for rendering a decision, 
after submission of briefs, has been cut to approximately 4 to 6 weeks 
aa the average of 18 months under the Advisory Board system. 

The Commission, on December 29, 1959, published in the Fed- 
er al Geshaee a complete revision of its rules of procedure governing 
contract appeals. This revision constitutes a practical formalization 
of the rules to insure that the issues of dispute are clearly defined, 
and to insure that all relevant evidence is made available. The latter 
is accomplished by providing for the use of subpenas and, where 
necessary, the use of the discovery process, such as taking of pre- 
hearing depositions. 

179. Indemnifications under the Price-Anderson Act now have been 
extended to all major AEC installations where a substantial nuclear 
hazard is present. Commission licensees are steadily qualifying for 
coverage under the act under the procedures that have been estab- 
lished. We have now extended coverage to common rail carriers 
hauling Commission materials. A detailed report on this subject will 
be submitted to this committee by April 1, as required by the Price- 
Anderson Act. 

Mr. Ramey. On your provision on contract appeals, it might be 
pointed out again you have the same hearing examiner, then, that 
can decide the same contract appeal. Again taking PRDC, if you 
had a contract argument, he would be the same fellow who decides the 
regulatory case. 


You have a sort of classic example of mixtures of regulatory and 
proprietary activities. 

I think a hearing-examiner procedure might be desirable to expedite 
contract appeals, but there is question as to whether it ought to be 
the same fellow or the same line of authority. 
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Mr. Grauam. Mr. Ramey, I would be the first to concede that you 
are an expert in this field on the AEC, ey if I may say so, I think 
Mr. Olson, who has had experience w ith the Nav y, and in private life. 
Both of you are certainly well qualified to talk on this, and, if I may 
turn the microphone over to him, I am going to ask him to answer 
your question. 

Mr. Oxson. I think, Mr. Ramey, that time will take care of the 
problem you are addressing yourself to, because the calendar of cases 
is building up on both sides of the fence, contract and regulatory 
matters. It will aeaguese | be such as to require a second hearing 
examiner in the very near future. 

Mr. Ramey. That Bes certainly help to take care of it. 

Again, as I say, the principles you apply in regulatory matters are 
supposed to be very different than those that you apply on contracts. 
The contract animal is a different kind of animal than the regulatory. 

Mr. Orson. I view this a little differently, Mr. Ramey, although 
I conceded there is merit to the point you make. 

[I think that a good judge in a divorce case might also be a good 
judge in a tort case. I think if a man has the proper judici ial ap- 
proach in hearing the evidence, and makes sure that the record sup- 
ports the findings, he will do well in both cases. 

[ would say, along the line of your suggestion, there is a great deal 
of expertise in the contract field, and we might look to that field when 
adding the second examiner. 

Chairman Anpgerson. We are going to have to adjourn in the next 
few minutes. 

Mr. Granam. Thank you, sir. 

We are practically finished. 

180. Abroad, the Organization for European Cooperation, the In- 
ternational Atomic Eneregy Agency, and the European Atomic En- 
ergy Community, all are working toward conventions to cover public 
liability. 

181. I mentioned last year that the Commission and the Depart- 
ment of Defense were seeking closer agreement on cost-reimburse- 
ment principles in view of the large number of contractors holding 
cost-type contracts with both agencies. 

182. We are in general agreement, but there are three specific areas 
in which our polici ies will continue to be somewhat different. These 
are (1) advertising, (2) bidding expenses, and (8) bonuses of a profit- 
sharing nature. Our basic reasons continuing to hold these costs 
unallowable is that they are not, in our judgment, related closely 
enough to the performance of the contract work. 

Chairman Anperson. May I say to you, Mr. Graham, that I think 
we ought to compliment the Commission on that. Some of us who 
steadily read advertisements about how the referee lifts one player 
up to make a basket are delighted to know that the Commission is 
not spending money on such trash. 

Mr. Granam. Thank you, sir. 

183. The Commission has modified its policy on depreciation to 
make allowable amounts recognized as deductible for tax purposes 
by the 1954 Internal Revenue Code. Treatment of privately financed 
basic research as an allowable cost is being given further study by 
the Commission. 
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Representative Hottrietp. What do you mean, allowing privately 
financed research as an allowable cost? Do you mean on the specitic 
job under contract ? 

Mr. Fioverc. This refers to an item of overhead. 

Representative Horirtetp. You mean applicable to a particular 
contract ? 

Mr. Froserc. It would be part of the overhead. That is the ques- 
tion. A contract that is made with an operator that is on a cost basis 
includes all the direct allowable costs, direct labor, direct materials, 
and any other directly calculated expense, plus an item of overhead. 

The question is what should go into the item of overhead. There 
are a great many things on which there is no problem. One of the 
questions is the general research that this company does, either in the 
field or related to the field, that is not under direct contract with the 
Commission but is an expense of doing business. 

The question is what should or should not be an item of overhead, 
~ same as the president’s salary. 

Representative Hotrrmtp. You mean if General Motors has a 
certain amount of privately financed research, that they are allowed 
to take a certain percentage of that and place it as an allowable load 
on the AEC contract ? 

Mr. Fronere. That is the question. If it is research on an auto- 
mobile or product line of that sort, there would be no question about 
it. The question is when it is research on a direct or reasonably di- 
rectly related line. This comes up in Pentagon contracts all the time, 
and it is beginning to come up in ours, too. That is precisely what 
the question is. Suppose it were General Motors Co., if you want to 
use that particular company. 

Representative Horirecp. I just picked it out of the air. 

Mr. Fionere. It is good enough for me. 

If we had a cost-type contract with them on some nuclear effort, 
and they were doing some other general research which was improving 
their general capability to perform this contract with us, or to expand 
the industry as we are under st: itutory obligation to do, to develop 
the industry, the question is whether that is an allowable cost of con- 
tract as an overhead item. That is, some percentage based on a dol- 
lar proportion or some other proportion, as the Pentagon. 

Representative Hottrietp. What kind of Pandora’s box does that 
open ¢ 

Mr. Friopera. No, I don’t think so. I think it is handled pretty 
well in the Pentagon. 

We have had some arguments about this in the Commission. I 
don’t think it opens Pandora’s boxes. It increases the general capa- 
bility of industry to perform contracts for the agency in question. 

Representative Hotirrerp. When you contract with an agency you 
contract with them on their ability to doa job, and they are given a 
certain specified figure of profit. “Are you going to go back and pay 


them for going to school and obtaining that ability ? Is that the 
point? 


Mr. Fropera. No. 
Representative Hortrrevp. In the first place, if they contract with 


you to render a service, one of the qualifications is that they are 
capable of doing the job. 
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Mr. Fiopera. Yes. 
Representative Hotirtetp. So you give them a certain percentage 
of profit on that job. 

Under this situation, as I see it, you then pay them because they 
have some know-how and they are capable of doing the job. You 
pay them in addition to the 6 percent profit, or w hatever it is. 

Mr. Fiosere. Whatever the profit margin is, yes. 

There are two sides to this, and I am arguing with you because you 
take the one side, and I will take the other. In fact, I will take it 
either side, as far as I am concerned. 

aprekents itive Hourrretp. I am not averse to doing the same thing. 

Mr. Froserc. What you are saying is that a company that has the 
ambition, initiative and the capability of conducting independent re- 
search should be required to forfeit its profit in order to do that 
research. 

Representative Horirretp. That is contained in their bidding on the 
contract, or in their selection for the contract. 

Mr. Frioserc. That is the question. 

Representative Hoxirretp. That is one of the qualifications. 

Mr. Froserc. That is one of the questions, whether their efforts to 
improve their capability to bid on this, by doing independent research, 
should be allowed just as an overhead item; that is, some proportion 
should be allowed as the cost of the contract. 

Representative Houtrretp. I am glad for those last words, and I 
hope you will give it further study. 

Chairman Anperson. Has thus far the answer been no when they 
asked for it ? 

Mr. Frioserc. Up to now that is a correct statement. Generally 
speaking, the answer is that it has not been allowed as an item of 
overhead. 

Representative Hoiirreitp. The Defense Department contracts have 
built half the defense plants in this country by the loopholes they 
have in them. We have been trying to hold the Commission on a 
pure basis. 

Chairman Anperson. Have we finished discussing the small busi- 
ness section ? 

Mr. Granam. 184. We are continuing our vigorous support of our 
established policy that a fair proportion of total purchases and con- 
tracts for Commission programs shall be procured from small busi- 
ness concerns. 

185. Opportunity for the small business participation in prime 
contracts is not great since an extremely large dollar volume of these 
commitments is for the management and operation of Commission- 
owned production facilities and laboratories. Because of the mag- 
nitude of these operations, small business is not able to participate to 
a significant extent. 

186. However, our prime contractors work actively to use small 
business for subcontracting in various ways. Typical of the methods 

are: 

1. Publicizing and explaining purchase requirements at industrial 
opportunity meetings sponsored iy the Small Business Administra- 
tion and others. 
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2. Grouping of items in invitations to bid as to both category and 
quantity to afford small business maximum opportunity to compete, 
and 

3. Working with the Small Business Administration to assure in- 
clusion on bidders’ lists of a maximum number of qualified small 
business firms. 

187. Small business received an increased share of the total dollar 
value of Commission subcontract awards during the fiscal year ended 
June 30, 1959, totaling $220.8 million or 41.6 percent of $530.3 million 
total subcontract awards. By comparison, the small business share 
the previous 12 months was 39.3 percent, and for the 9-year period, 
1951-59, the average share was 38.7 percent. At the prime contract 
level, the small business share increased 18 percent. ‘Total prime 
contract awards to small business amounted to $144.5 million for 
fiscal 1959, compared with $102.8 million during 1958, and an average 
of $78.5 million for the 9-year period, 1951-59. 

188. A number of amendments to the Atomic Energy Act affecting 
patents in the atomic energy field were proposed at the last session 
of the Congress. Congress extended section 153 of the Atomic En- 
ergy Act, permitting compulsory licensing of patent applications filed 
up to and including September 1, 1964. The Commission’s conclu- 
sions and recommendations concerning the pending amendments, re- 
sulting from a review of its patent policies were presented to this 
committee in April 1959. 

189. We have recently had the experience of a large company in 
the heat exchanger business refusing to continue on a job for us at 
Argonne National Laboratory. They stated that the Commission’s 
strict. construction of section 152 pertaining to patent rights on work 
done “in connection with” any contract with the Commission was 
burdensome to the point that they could not afford to do the job. 
The pending amendments would eliminate this type of problem. 

Representative Ho.irie.p. I have one question to ask. 

Did you find another company that was willing to do the job and 
willing to suffer this terrible burden, or does the job at this point 
remain undone because of it? 

Mr. Lurpecker. This is a very recent occurrence, Mr. Holifield, and 
we have not yet. However, this problem is involved in most of our 
contracts. 

Representative Horirretp. As a matter of fact, notwithstanding the 
patent provisions of the Atomic Energy Act, you have had no dearth 
of applicants for contracts on different projects? 

Mr. Luepecke. No, sir; I would not call it a dearth of contractors. 
I think there are instances, though, when companies would otherwise 
have been interested who were not. 

Representative Hotirietp. There is no doubt about that. If you 
double your price, you will probably get more companies interested. 

Mr. Luepecxe. I can’t say there was a dearth of them, no, sir. 

Representative Horirretp. You have always had people perfectly 
willing to do business and accept your money, haven’t you? 

Mr. Luepecxr. Yes, sir; I think I can answer to that. 

Representative Hotiriecp. There is a drive in the Space Committee 
now to change the patent provisions over there which were somewhat 
patterned after the patent provisions in the Atomic Energy Act. 
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They are scaring the members over there by saying, “if you don’t 
remove the patent provisions we won’t get anybody to do this space 
research and development.” 

I think they have them all scared over there that, if they don’t 
take that section out, they won’t have any contractors bidding on 
the contracts. I told them that the experience of the Atomic Energy 
Commission had not been one of having a dearth of contractors be- 
cause of patent provisions. 

Mr. Granam. May Mr. Olson make a comment on this ? 

Representative Hoxrrretp. By the way, what was the name of this 
company that didn’t want any business of you folks? 

Mr. Oxson. It was Babcock & Wilcox. 

I want to be sure we understand the exact issue here before war is 
declared on Babcock & Wilcox. 

All they are objecting to is the phrase “in connection with.” They 
were not objecting to our taking title to patents which developed 
under the contract. It was the phrase “in connection with.” 

We recommended the deletion of that phrase to the JCAE last year 
as being in excess of what we thought was required. 

This does not purport to change the basic policy, Mr. Holifield, 
of the AEC getting the patents w vhich are developed under the con- 
tract. It is the breadth of the language “in connection with.” 

I think Mr. Ramey is very familiar with this particular point. 

Chairman ANnperson. Sometimes you have to have breadth to be 
sure you cover the whole subject. 

Mr. Otson. Mr. Chairman, this has all the breadth that can be con- 
ceived. ‘This is pretty broad, and it does shift the burden of proof 
in the event that there is any doubt. 

We have a short time within which we must advise the Commis- 
sioner of Patents that we are going to take title and will investigate 
later. That shifts the burden of proof. To someone who is doing 
work in their regular line of business, I think there is a good argu- 
ment that can be made that this “in connection with” is too broad and 
should be stricken from 152. 

I firmly believe that the language “patents developed under the 
contract” is amply broad enough to “protect the policy that this com- 
mittee espouses. 

Mr. Ramey. As I recall, that language may have been derived origi- 
nally from the Commission contracts. 

Mr. Otson. That may well be. As a matter of fact, a very good 
legal argument can be made that the language, even as written in the 
statute, 1s a procedural rather than the substantive part of the statute. 

Mr. Granam. Mr. Chairman, could Mr. Olson comment on the next 
item, on 190. 

Mr. Otson. With respect to background rights, we recently had a 
meeting with representatives of industry, a group ‘of 15 or 20 selected 
representatives from industry, and they protested with respect to 
what they called the overreaching of our background policy. 

We feel that if there is a need For the background rights that we 
must get them. We do agree that we should not ask for background 
data just because we want it. We must have a need for it because 
this has been developed with private funds. 
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Chairman Anperson. Are they just talking about data or back- 
ground rights to patents ? 

Mr. Orson. Background rights. 

Chairman Awnperson. Does this have anything to do with the 
Stanford accelerator and Varian Associates? 

Mr. Otson. It may very well come into that, yes, sir. That is a 
case where I think there is a need. 

Chairman Anperson. They are asking for $107 million. 

Mr. Orson. I would feel that we might very well have a need for 
background rights in that particular case. I think that industry does 
have a problem here. I view it asa bargaining proposition, if we have 
a need for their background data. 

Chairman Anperson. Data and rights are two different things. 

Mr. Otson. Data and rights are both involved here. 

Chairman Anperson. They are? If we ask them for their back- 
ground data we don’t acquire any background rights, do we? 

Mr. Oxson. If their background know-how is made available I am 
afraid it no longer becomes something of peculiar value to them. It 
is a business—confidential asset of theirs. 

Chairman Anperson. I thought that patented processes were avail- 
able. People could find out what was in the patent but could not use 
it. This says in acquiring rights in private background patents. That 
is quite a bit different than acquiring the data, isn’t it ? 

Mr. Orson. The two things always come up together, Mr. Anderson. 

Let me confine it to background rights. If the circumstances are 
such that we are going to spend a great deal of money to improve a 
background right in which they have spent very little, it would seem 
that we should get complete background rights. On the other hand, 
if we spend very little to improve, and they have spent a great deal. 
or have a valuable patent, it might be that we should pay royalties 
to use their patents. 

Mr. Ramey. This is not a problem of the law or the statute, is it ? 
It is just that AEC has a long tradition of hard bargaining with 
industry. 

Mr. Otson. That is right. 

We simply wanted to indicate that this problem was recently under 
consideration. 

Representative Horirrevp. In 190 you said: 


We also recognize that background rights to patents acquired at private ex- 
pense must not be taken from the private owner without some form of compen- 


muon, > * 
As I understand it, you have all the procedures set forth in the 
Atomic Energy Act to compensate anyone for anything which they 


have acquired of their own right but which might be peculiarly neces- 
sary for atomic energy use. 


Mr. Oxson. That is right. 

Representative Horirrenp. Is that what you are talking about ? 

Mr. Orson. We don’t pay royalties in most cases because we feel 
that they have an interest in taking the contract, and get collateral 
benefits. 

Representative Hoirietp. If they bid on a contract and they bring 
to it their background knowledge, to the contract, do you mean to 
say that they want to charge, in addition to their profits, royalties 
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for anything that they use which they have patented in their field 
of competence ? 

Mr. Oxson. Not with respect to the item they are building for us, 
but we want to get sufficient rights so we can build additional copies. 
We want a royalty-free, nonexclusive right so we can go ahead and 
build additional copies of the same thing. 

Representative Hoxrrreip. In other words, you want to acquire 
from them these rights which they have developed at their own ex- 
pense, and then transfer them to other companies in the future, pos- 
sibly. 

Mr. Orson. We may want to, yes. 

Representative Hoirrrecp. Without compensation ? 

Mr. Otson. If we were going to transfer them to other parties, or- 
dinarily we want to make sure that we have a right to make a carbon 
copy for governmental purposes at least, and that might include the 
EURATOM purpose or mutual defense purposes. I am not aware 
of any case where we wanted to transfer the background rights with- 
out royalties to other parties. Mr. Anderson, AEC Patent Counsel, 
will answer. 

Mr. Anprerson. That is correct. In certain instances where we have 
requested a background license, there has been an agreement to grant 
royalty-bearing licenses to private parties who are interested in ac- 
quiring them. We have requested, however, that the Government 
get Government-free licenses on background inventions where the 
situation is one where the contractor may have a concept or may have 
filed a patent application but done little or no work and we spend 
AEC money to develop or perfect a device. 

Representative Horirretp. That is a different problem. Now you 
are talking about taking Government money and developing a patent 
for them. 

Mr. Anperson. This is what you pick up when you get to back- 
ground patent rights, those things that may be partly developed. 
There may also be something that they have already developed which 
AEC is going to improve. 

In connection with the improvement and the adaptation of such an 
item for our uses, we may ask for a background license, limited to 
governmental purposes, or in special instances limited for a specific 
reactor or for a particular use, depending on the circumstances. It 
is for these reasons, among others, that we feel our policy should be 
flexible. The AEC manual therefore has a suggested provision. 

A number of companies have objected to the fact that some of our 
negotiators may have been a little overbearing in asking for back- 
ground license rights of broad scope when only one of limited scope 
was required, or maybe they have asked for one where no background 
right was required. The background provision is a clause subject to 
negotiation. 

Chairman Anperson. Is it not a good policy to ask for quite a good 
bit to protect yourself under those circumstances, rather than to get 
hooked ? 

Mr. GraHam. Yes. 

Mr. Orson. Industry assures us that we have asked for everything 
that we need. F 


Representative Horirretp. I am not in favor of taking patents | 


from any company that has developed them with their own money, 
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and defrauding them of their rights, or confiscating their rights with- 
out compensation. But certainly, in the field of research and develop- 
ment, where Government moneys are used, you certainly establish 
rights for the Federal Government in that instance, which I think 
ought to be fairly considered in arriving at any contract. 

Mr. Otson. That is right. You have to look at every case to see 
what is fair. We will spend a little bit on a patent on which they 
have spent a great deal of money, and we should not demand rights 
without royalty payments. 

Representative Hotirreip. That is right. 

Chairman Anperson. Do you have to have legislation to deal 


¢ 


fairly ? 
Mr. Otson. No, sir. 
Chairman Anperson. Then what are you talking about? He said 
they have pending amendments. 
Mr. Oxson. This is with respect to an amendment of section 152 


that we asked for last year and does not relate in any way to the back- 
ground problem. 


Chairman Anperson. Very well. 

Mr. Granam. Turning now to the last portion—fuel supply: 

192. The Commission’s s receipts of uranium concentrates from all 
sources under its various domestic and foreign arrangements, as pro- 
jected over the next 3 years, exceed the Nation’s estimated require- 
ments to meet its weapons and power programs. The Commission 
has continued its efforts to bring supplies closer to a balance with 
requirements by arranging for deferred delivery of domestic and 
Canadian concentrates. 

193. The Commission’s contracts provide for a firm schedule of de- 
liveries within the time period covered by each contract. We are not 
reneging on those contracts. In the United States we are negotiating 
with pr oducers to ar range postponement to the 1962-66 period of por- 
tions of deliveries scheduled for 1960-62. In some cases this involved 
deferrals under contracts that already extend to 1966; in other cases, 
deferrals are being arranged in negotiated renewals of contracts that 
would expire at a date earlier than 1966. These negotiations do not 
reduce the quantities of ore the mills buy from independent ore 
producers, but result in limiting production in the pre-1962 period of 
res owned or controlled by the milling companies. 

194. The Canadian contracts also call for a firm schedule of de- 
liveries. They are due to expire in 1962 and 1963, and provide options 
inder which the Commission may renew the contracts for additional 
veriods of time. We have notified the Canadian Government that we 
rould not exercise any of these options. The Commission and the 
(anadian Government reached an agreement which permits postpon- 
ng some deliveries presently scheduled before 1962 or 1963 to a period 
eyond the expiration date of existing contracts, that is, in the 1962- 
6 period. The total to be deliv ered over the longer period will not 
xceed the amount scheduled under the original contracts. 

195. In keeping with its limited domestic expansion program an- 
ounced April 2, 1958, of providing an ore market in certain areas 
thich had reserves but had inadequate market, agreements were 
ached in 1959 for an additional 1,560 tons per day capacity for 
he central Wyoming area and the installation of a 200-ton-per-day 
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mill in the Colorado Front Range. Further additions in these areas 
are nol presently contemplated, 

196. No agreements have been reached for southeast Texas, Ne- 
vada, and North Dakota-South Dakota lignite areas. 

197. Other aspects of the Commission's raw material program are 
covered in detail in the Commission’s annual report. 


CONCLUSION 


198. Mr. Chairman, members of the committee, this concludes the 
Atomic Energy Commission’s statement. Our written submission 
supplements our testimony. 

199. We will be pleased to present any additional information the 
committee may wish. My colleagues on the Commission, the General 
Manager, and our principal staff, are here to assist you. 

Chairman Anperson. I do not see any member of the committee 
that has a question at this time. 

Mr. Granam. We thank you very kindly for a very interesting and 
profitable, from my standpoint, and instructive session. 

Chairman ANnperson. Thank you. 

I want to assure you that I appreciate the testimony of all the 
members of the Commission and the members of the Commission 
staff who have been here. 

The hearing will continue tomorrow afternoon at 2 o’clock with 
industry representatives from General Electric, Tracerlab, Inc., Gen- 
eral Dynamics, Aleo Products, and Radiation Dynamics, Inc. 

We will adjourn until 2 o’clock tomorrow. 


(The full statement of the Atomic Energy Commission referred 
toon p. 3. follows:) 


TESTIMONY BY CHAIRMAN JOHN A. McCone, U.S. Atomic ENERGY COMMISSION, 
3EFORE JOINT COMMITTEE ON ATOMIC ENERGY, U.S. CONGRESS, AT HEARINGS 
PURSUANT TO SECTION 202, AromiIc ENERGY Act or 1954, Fesruary 16, 1960 


At this year’s hearings before the Joint Committee pursuant to section 202 
of the Atomic Energy Act, the Commission’s testimony concerning the de 
velopment, growth, and state of the atomic energy industry will again consist 
of two parts—written and oral. 

To avoid repetition, we would like to present for reference the Commis 
sion’s Annual Report to Congress for 1959. This report describes the progress 
of the industry during 1959, related Commission programs, and other major 
activities in which members of the Committee have expressed special interest. 
The annual report incorporates a special report on “Management of Radioactive 
Wastes,” and a summary of what we know and are seeking to learn about fallout 
from weapons tests. We have also submitted for reference a special report 
ealled “Radioisotopes in Science and Industry.” 

Today I will present first, the power reactor program and then review pre 
grams on which Senator Anderson in his letter of January 6, 1960, has asked 
us to comment. I should like to begin reading portions of part IV of the 
“Civilian Power Reactor Program.” 


CIVILIAN POWER REACTOR PROGRAM—PART IV. PLANS FOR 
DEVELOPMENT 
INTRODUCTION 


1. The first phase of a continuing study to develop long-range plans for the 
civilian power reactor program has been completed. Most of the informatio 
developed to date as part of this study is included in four reports. These 
reports, listed below, will be published and given public distribution. 
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(a) “Civilian Power Reactor Program—Part 1. Summary Current Status 
of Reactor Concepts.” * 
(b) “Civilian Power Reactor Program—Part II. Economic Potential and 
Development Program.” 
(ec) “Civilian Power Reactor Program—Part III. Technical Status.” * 
(ad) “Civilian Power Reactor Program—Part IV. Plans for Development.” 

These reports represent the first phase of a continuing study to develop long- 
range plans for the civilian power reactor program. Additional reports on the 
results of the continuing study will be published as appropriate. 

2. In developing the program plans presented in the current report, primary 
attention has been given to the technological development required to achieve 
economically competitive nuclear power. Consequently, the development of 
prototypes for large central station powerplants figures prominently in the pro- 
gram. This should not be construed indicating a diminution of Com- 
mission interest in, or support of a small power reactor program directed to 
achieving economically competitive nuclear power in plant sizes below 50 mwe. 
(electrical megawatts). A number of the reactors presently being built or 
planned will contribute to attaining this objective. As more information be- 
comes available and is evaluated concerning these and other reactors, including 
military programs, additional prototypes of small power reactors will be con- 
sidered for construction. 

3. Our current program 


as 


follows 
reactor 


the orderly 
concepts 


three-phase sequence for the 
development of individual described to this Committee 
in our testimony last year. This sequence in general contemplates construe- 
tion first of reactor experiments or experimental reactors, followed by proto- 
types and then by plants of commercial proportions. It is the opinion of the 
Commission that the reactor experiments should be built and operated by the 
Commission. Prototypes should be built and operated by publicly or privately 
owned utilities independently or in cooperation with the Commission; alterna- 
tively, prototypes could be built and operated by the Commission. Industry 
should assume the primary responsibility for large commercial size nuclear 
power however, the Commission will consider possible assistance on 
initial plants in various concepts useful for demonstration purposes. We believe 
it important that the large plants and, as far as possible the prototypes as well, 
be integrated into utility power grids in order to demonstrate load factors, 
dependability, and other operating characteristics which affect the economics 
of the plants. 

4. Experimental and prototype reactors will be constructed as a part of the 
Comnission’s program when the plans for experimental work indicate that 
the technical or economic information and operating experience to be derived 
from the facility is essential to the Commission, or to the power industry, in 
the efforts to reduce the cost of nuclear power. In the development, construc- 
tion, and operation of prototype and full size power producing reactors, the 
Commission will work cooperatively with reactor manufacturers and with pub- 
licly and privately owned utilities. 

). Any arrangements whereby the Commission provides significant financial 
support will include provisions to assure that an experimental testing program 
can be carried out with the reactor during its early operation. Testing pro- 
grams will vary with each project. When power generation is involved, this 
fact will be taken into account when establishing the testing program. 

6. We plan a continuing evaluation and reappraisal of our program. New 
ideas and new technologies, including those developed in other countries will 
be reflected in this continuing evaluation. Periodic program reviews will con- 
sider carefully the relative merits of various lines of development looking toward 
reduction or elimination of some efforts, and initiation of, or increases in others. 


Should information indicate that a concept is not useful in meeting our ob- 
Jectives, the concept would be dropped. 


as 


stations ; 


PROGRAM OBJECTIVES 







7. In previous reports and testimony before the Joint Committee on Atomic 


Energy (February 1959 Hearings on the Development, Growth, and State of 
the Atomic Energy Industry), the Commission set forth the following five ob- 


1See app. A for volumes. 
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First: Reduce the cost of nuclear power to levels competitive with power 
from fossil fuels in high energy cost areas of this country within 10 years. 

Second: Assist friendly nations now having high energy costs to achieve 
competitive levels in about 5 years. This assistance is to be extended main- 
ly through clearly defined programs of cooperation. 

Third: Support a continuing long-range program to further reduce the cost 
of nuclear power in order to increase the economic benefits and extend these 
benefits to wider areas. 

Fourth: Maintain the U.S. position of leadership in the technology of nuclear 
power for civilian use. 

Fifth: Develop breeder type reactors to make full use of the nuclear energy 
latent in both uranium and thorium, recognizing that U-235 alone may not be 
sufficiently plentiful to meet our needs over the long range. 

8. The first and third objectives are directly applicable to the development 
of central station powerplants, and they have been used as the principal factors 
in establishing that part of the program outlined herein which deals with these 
plants. 

9. In order to permit a more exact statement of the initial goal of the pro- 
gram, the first objective has been further defined as follows: 

(a) The 10-year period is measured from 1958, when the objective was first 
stated. This establishes 1968 as the target date for achieving competitive 
power in high-cost energy areas. 

(b) It is considered that competitive nuclear power will have been achieved 
when utility executives can make a decision to build nuclear stations on the 
basis of economic considerations over the lift of the reactor. 

(c) High-cost energy areas are considered to be those areas where fossil fuels 
presently cost 35 cents per million B.t.u. or higher.’ 

10. No attempt has been made to assign a quantitative definition to the third 
objective either with regard to time or to the extent of the “wider areas.” This 
objective is the basis for the longer range development program aimed at low- 
ering the cost of nuclear power to a point where it is competitive with fossil 
power in ever-increasing areas of this country. 

11. The other three objectives are more general in nature. With the passage 
of time and events, conditions relating to two of the objectives have changed 
substantially. 

(a) The second objective relates to the achievement of economic nuclear pow- 
er abroad. When this objective was first stated, it appeared that it could be 
achieved first in Western Europe in about 5 years. In the last 2 years the in- 
creased availability of fossil fuels and the drop in their shipping costs have 
brought the timetable of achieving economic nuclear power in Europe closer 
to that of the United States. 

(b) The fifth objective recognizes the long-term importance of the develop- 
ment of nuclear power systems which can use a major fraction of the uranium 
and thorium available. At the present time it is not possible to make an accu- 
rate prediction of the time when uranium shortages and rising costs associated 
with such shortages will make the more efficient use of source material a vital 
factor. However, the ultimate importance of conservation of nuclear fuel dic- 
tates a long-range program to develop the breeding potential inherent in both 
the uranium 238-plutonium and the thorium uranium 233 fuel cycle. 

There has been no change in the fourth objective. The Commission has en- 
deavored and will continue to strive to maintain the United States in a position 
of leadership in atomic energy use for civilian purposes. 


SPECIFIC PROGRAMS 


12. Necessary congressional authorization will, of course, be sought before 
proceeding with new projects considered in the following concept-by-concept 
review. 

I. LIGHT WATER COOLED REACTORS 


13. There is a relatively high probability that light water-cooled reactors in 
the reasonably near future can achieve competitive power in the high fuel cost 


2 Conventional power costs in these areas are estimated to be about 7 mills per kilowatt- 
hour for a 300 mwe. single unit fossil fuel station using fuel costing 35 cents per million 
B.t.u. (200 p.s.i.a. 1050° initial/1000° F. reheat, 144 inches of mercury back pressure), 
a on 1959 cost levels, no escalation, 80-percent capacity factor and 14-percent fixed 
charges. 
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areas of the United States where large single units are practical. In addition, 
water reactors also offer a longer range potential for being competitive in many 
other areas of the United States. 

14. Over the next 4 or 5 years, Commission supported research and develop- 
ment work on water reactors will be aimed primarily at solutions of the prob- 
lems of nuclear superheat, increased fuel life, decreased fuel costs, simplified 
fabrication techniques, fuel management, simplified and less costly containment 
methods and cheaper materials and methods of construction. 

15. A major effort will be made to develop techniques for economically uti- 
lizing plutonium asa fuel material in water reactors. 

16. The water cooled reactor program is described under three categories: 
Pressurized water, boiling water, and nuclear superheat. 


A. Pressurized Water Reactors 


17. The pressurized water reactor concept is technologically well advanced 
and is the concept with which we have had the most experience. This experi- 
ence has demonstrated that pressurized water reactors are safe, dependable, 
and reasonably easy to control. Capital costs of a 30 mwe. plant of this type, 
as quoted recently by the manufacturers on a fixed-price basis, when taken in 
conjunction with fuel guarantees reported to the Commission by utilities and 
core manufacturers, indicate that the power produced from such a plant con- 
structed now should be competitive over its life in high fuel cost areas of the 
United States where a plant of this size can be used. 


Plans for use of existing or authorized facilities 


18. Domestic civilian power program.—(a) The reactor at the Shippingport, 
’a., atomic power station will be modified to raise its power to 150 mwe. 
equivalent. It will continue to be operated to demonstrate the life potential of 
the present rod-type blanket elements as well as of the newly developed high- 
power density flat oxide feed and blanket elements. The present core will then 
be replaced by the newly developed 150 mwe., high power density flat plate 
oxide seed and blanket core. The reactor plant and its associated facilities will 
be used also to further demonstrate the technical and economic feasibility of the 
seed and blanket concept. The developmental cores to be installed at Shipping- 
port upon completion of the PWR Core 2 lifetime will depend on the results ob- 
tained in the development, testing, and operation of PWR Core 2. For example, 
consideration will be given to: the installation of still higher power cores if 
feasible and/or the utilization of other fuel materials such as plutonium, uranium 
233, and thorium in this developmental reactor facility. 

(b) The Yankee Atomie Electric Co. plant at Rowe, Mass., is scheduled for 
critically in 1960. It will operate initially at 110 mwe. Among the important 
new features to be tested in the plant are stainless-steel clad slightly enriched 
uranium dioxide fuel elements and solution poison for shutdown control. Sta- 
tistically important utility operating and maintenance experience will be gained 
from this relatively large-scale reactor operating principally as a power producer. 

(c) Two pressurized water reactors are being built by private industry with- 
out substantial Government assistance: A 151 mwe. reactor is being built by 
the Consolidated Edison Co. of New York at its Indian Point, N.Y., plant which, 
with conventional superheat, will product 255 mwe. It is scheduled to go 
critical in 1961. The Saxton Nuclear Experimental Corp.’s 5-mwe. reactor ex- 
periment will furnish steam to the Pennsylvania Electric Co.’s plant at Liberty, 
Pa., and is scheduled to go critical in 1962. These plants will add much informa- 
tion to the technology of pressurized water plants. The Indian Point plant will 
provide important operating data for large water-cooled reactor systems and 
technical data on the use of thorium U™ fuel mixtures. 

(d) A 40-thermal-megawatt process heat reactor is to be built in California 
in cooperation with the Department of the Interior. It is scheduled to go criti- 
cal in 1962. This reactor will explore the economics of reactors for production 
of low-temperature, low-pressure steam for use by the process industries. 

(ce) A 16-mwe. prototype with 6-mwe. conventional superheat will be built pri- 
marily to demonstrate the economics of pressurized water reactors as small 
power reactors. This reactor will provide operating information important to 
the design of large pressurized water reactors. The feasibility of bulk boiling 
in pressurized water reactors will also be demonstrated in this reactor. Five 
proposals have been received for this reactor to be built under a second-round- 
type authority. The target date for criticality is 1962. 
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19. Military and maritime contributions—(a) The Navy will put into opera- 
tion a large number of nuclear-powered submarines and surface ships in the 
next few years. The supporting research and development work for these re- 
actors has contributed and will continue to contribute significant data to the 
civilian reactor program. The natural circulation prototype reactor to be built 
at the National Reactor Testing Station (NRTS) may be of particular interest 
to the small power reactor program. 

(b) The Army reactor program will develop much information of value to the 
civilian reactor program. Civilian reactor development will benefit from the 
standardization of components and materials which will be a natural outgrowth 
of the Army program. The studies on use of reactors in remote military loca- 
tions will be of particular importance in developing safe, reliable small nuclear 
power plants for use under a variety of climatic conditions in all parts of the 
world. 

(c) The pressurized water reactor installed aboard the NS Savannah should 
contribute important technology to the civilian reactor program, and in particu- 
lar to the future of maritime nuclear propulsion. 

°0. In addition to the work being done in this country, design, construction, 
and operating experience will also be obtained from Selni in Italy and the Mol 
plant in Belgium. 


Future plans 

21. It is probable that at least one additional pressurized water prototype will 
be justified by research and development results and operating experience. Such 
a prototype would be designed to demonstrate improved technology growing 
out of the operation of the Shippingport, Yankee, and Indian Point plants, and 
out of development and design of the other reactors listed previously. This 
prototype, if justified by developments and analysis, would incorporate improve- 
ments in plant design, construction, containment, and components which would 
lead to lower power costs. Design of such a plant could be begun in 1962, with 
eonstruction starting in 1968 or 1964. 

22. If the development work whicli is being initiated this year on the spectral 
shift® variation of pressurized water systems is successful, and the idea still 
appears promising, construction of another prototype reactor, possibly 50-100 
mwe., to demonstrate this technology and its economics also would be started 
in the early 1960's. 

23. As has been discussed before, information submitted to the Commission 
by reactor manufacturers indicates that utility managements may be in a posi- 
tion to make decisions now to build large pressurized water plants in high 
fuel costs areas in which large plants are practical, basing their decision on 
economic considerations. The construction and operation of one or more 
such plants as a part of utility systems located in such areas would play a 
valuable role in the development of economic large central station nuclear 
power plants. 

24. The studies which are currently being made with respect to the feasibility 
of reactor-generated power in remote locations together with the technical 
information developed in Army and Navy reactor programs may indicate the 
desirability of initiating in 1962 a small power reactor prototype (20 to 30 
mwe.) at some installation which would offer a test of reliability under varying 
conditions. 

B. Boiling Water Reactor Program 

25. The technical feasibility of boiling water reactors has been successfully 
demonstrated by the Borax experiments at the National Reactor Testing Station 
in Idaho, the experimental boiling water reactor at Argonne National Laboratory, 
and the Vallecitos boiling water reactor in California. Based on currently 
available information, there is every reason to believe that the large Dresden 
plant now in its startup phase, the Humboldt Bay plant, and the Rural Coop- 
erative Power Association Elk River plant, all using boiling water reactors 
of varying size and design, will operate successfully and will furnish valuable 
information. 


’ The spectral shift reactor is one in which heavy water is added to the light water 
coolant. Initially a high concentration (75 to 80 percent) of heavy water is used. AS 
the fuel burns, the concentration of heavy water is reduced (to about 25 percent) in order 
to decrease the neutron diffusion rate which increases reactivity and extends fuel life. 
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Plans for existing and authorized facilities 


26. Domestic civilian power program.—(a) The modifications now underway 
on the experimental boiling water reactor which will raise its power to 100 
mwt. will be completed and the experimental program of study of the behavior 
of the boiling water system will be resumed. The modified reactor will be used 
initially to demonstrate the stability of a boiling reactor at higher power density, 
and it will serve as a boiling water fuel element test facility. Plutonium fuel 
development and water chemistry will be studied in this reactor. 

(b) The 16-mwe. indirect-cycle boiling water with 6 mwe. conventional super- 
heat Elk River plant is scheduled for criticality in 1960. This reactor is prima- 
rily of interest in the small powerplant program. Experience gained from it 
will also aid in the evaluation of certain variations in boiling water reactor de- 
sign of possible interest to larger plants. These variations include use of mixed 
thorium oxide and uranium oxide fuels, and of an intermediate heat exchanger 
in a boiling system. 

(c) Three boiling water reactors have been built, or are being built, by private 
industry without substantial Government assistance. General Electrie’s 20 
mwt. (5 mwe.) Vallecitos boiling water reactor near Pleasanton, Calif., is being 
modified. Commonwealth Edison Co.'s 180 mwe. Dresden nuclear power station 
at Morris, Ill, has gone critical, and the 48-mwe. Humboldt Bay (Calif.) 
reactor of the Pacific Gas & Electric Co. is scheduled to go critical in 1962. The 
experimental and operational date from these reactors will add much information 
on the technology of boiling water reactors, and the latter two will provide 
valuable statistical operation and maintenance data for water-cooled reactor 
systems. The programs of these reactors will supplement the work being car- 
ried out in plants built with Government support, and will be an important part 
of this country’s overall program for the development of boiling water reactors. 

(d) Construction of a 50-75 mwe. high-power-density boiling water prototype 
is planned to begin in 1960, with criticality scheduled for 1963. This plant will 
be designed and operated in such a way as to provide technical and economic in- 
formation on operation at power densities of the order of 60 kilowatts per liter 
and at fuel lifetimes similar to those experienced at lower densities. Nevotia- 
tions are currently underway between the Commission, the Consumers Power 
Co. of Michigan, and the General Electric Co. to develop a mutually satisfactory 
cooperative program for this reactor. Information from this program will be 
of value to both large and small power stations. 

(¢) A simplified 50 mwe. boiling water prototype reactor will be constructed to 
demonstrate design improvements which will reduce the size, complexity, and 
cost of boiling water reactors. Such features as improved control methods, 
simplified containment, elimination of high risers, and increased power output 
per unit of water flow will be incorporated in the design. Invitations have been 
issued for proposals from interested utilities. It is expected that construction 
will start in 1960 or early 1961. The target date for criticality is 1964. While 
this reactor will be primarily a prototype for future large reactors, the engineer- 
ing improvements made will in general, be equally applicable to small reactors. 

27. In addition, Italy will build the 150 mwe. Senn reactor. It will contribute 
experience in design, manufacturing, operating, and maintenance for a large 
boiling water reactor plant. Information developed will be available to the 
Commission and to industry through an exchange program. 

Future plans 


28. Aside from developments involving nuclear superheat which are described 
elsewhere in this report, most of the currently foreseen developments in boiling 
water technology probably will be demonstrated with reactors currently in oper- 
ation, being built, or authorized. When operating experience is available from 
these reactors, in 1968 or 1964, it will be possible to determine what, if any, 
additional experimental or prototype reactors are needed to achieve competitive 
power in large boiling water reactors. Until such a determination is made, 
ho further construction of large boiling water experimental or prototype re- 
actors is contemplated by the Commission. 

29. In the small reactor field, results from Elk River, Humboldt Bay, and the 
Simplified reactor project discussed earlier may indicate in 1963 or 1964 the 
heed to initiate construction of a small (20-280 mwe.) prototype. 

30. As in the case of pressurized water reactors, we have been advised by a 
mannfacturer that a 300 mwe. boiling water plant can be built now on a fixed 


price basis, with certain fuel cost guarantees, which may produce power 
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competitive with conventional power in certain high cost fuel areas of the 
United States. It is the Commission’s opinion that the construction of one or 
more boiling water plants by utility companies in high cost areas where plants 
of this size may be practical would make a significant contribution to the de 
velopment of economic power. 


C. Nuclear Superheat 


31. Nuclear superheat can be applied to both direct- and indirect-cycle boil- 
ing water reactors, and to indirect-cycle pressurized water reactors. In direct- 
eyele boiling water reactors, nuclear superheat may be integral. In indirect- 
eycle reactors, whether boiling or pressurized, what is essentially a separate 
steam-cooled reactor would be required to obtain nuclear superheat. 

32. Nuclear superheat would make possible production of steam at tempera- 
tures and pressures used in modern conventional powerplants of high efficiency. 
Development work and design studies have been underway for some time, con- 
ecentrating chiefly on the superheat fuel element. Data from these programs 
are applicable to both direct- and indirect-cycle reactors. Design studies and 
evaluations have been made on integral superheat systems, and soon will be 
initiated on separate superheat systems. 


Plans for existing and authorized facilities 


29 


33. Domestic civilian power program.—(a) The fifth boiling reactor experi- 
ment (Borax 5) is under construction at the National Reactor Testing Station 
and is scheduled to become critical in March of 1961. The reactor will be oper- 
ated initially with a limited number of test channels producing superheated steam 
and will be converted gradually into an integral nuclear superheat reactor. 
Flexibility designed into the system will permit investigations of nuclear stabil- 
ity problems associated with various fuel and coolant arrangements. 

(6b) The Northern States Power 62 mwe. plant near Sioux Falls, S. Dak., is 
under construction and is scheduled for criticality in 1962. This reactor will 
provide test and operating data on a high density, integral nuclear superheat 
core. Development work leading to reduction in the enrichment of fuel in the 
superheat section of the core will continue. 

(c) A contract has been signed with the Puerto Rico Water Resources Au- 
thority for construction of a 16 mwe. boiling nuclear superheat reactor (Bonus). 
This reactor will provide information on the practicality of an integral nuclear 
superheat design for small reactors and will assist in the evaluation of nuclear 
superheat in large plants. The target date for criticality is early 1963. 

Future plans 

34. If the technical and economic information obtained from these projects 
confirms the prediction that nuclear superheat can substantially lower power 
costs in boiling water reactors, a 100 mwe. prototype would probably be required 
to exploit the full potential of the system. Such a prototype, if justified, prob- 
ably would be initiated in 1963. 

35. If the program outlined above is followed and it proves successful, it is 
anticipated that by 196S—69 sufficient technical and economic information will 
be available to permit utilities in certain areas of the country to decide on eco 
nomie grounds to construct a large (300 mwe.) integral superheat plant. 


II. ORGANIC COOLED REACTOR PROGRAM 


36. There is relatively high probability that organic cooled reactors can 
achieve competitive power in high fuel cost areas of the United States by the 
middle 1960’s and in the longer range over many other areas. Because of the 
encouraging experience in operation of the organic moderated reactor experiment 
and in other research and development work already done, because of the rela- 
tive simplicity of the system, and because of the direct applicability of much 
of the technology developed in water reactor programs, it is believed that this 
concept can achieve its early potential with less research and development and 
eonstruction of experimental and prototype plants than are required for other 
reactor concepts. 

37. Organic-cooled reactors operate at higher temperatures and lower pres- 
sures than water reactors, and have no major corrosion problems. These char- 
acteristics make for low capital cost plants. However, high costs for replac- 
ing decomposed coolant are an economic disadvantage. Organic coolants also 
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have poor heat transfer characteristics and require fuel elements with extended 
surfaces and high conductivity cladding. Since a longer lived fuel must be de- 
veloped, research and development work at present is primarily on aluminum- 
aluminum oxide claddings for uranium oxide and uranium alloy fuel materials. 
Research and development work also is directed toward lower organic makeup 
costs and improving organic fluid flow and heat transfer characteristics. 

38. In the longer range, the research and development program will be di- 
rected toward utilizing plutonium recycle in organic reactors. 

Plans for use of existing or authorized facilities 

39. Domestic civilian power program.—(a) The 5- to 15-mwt. organic moder- 
ated reactor experiment (OMRE) at the National Reactor Testing Station is 
being modified to make it a more suitable test facility and to reduce its cost of 
operation. It will continue to be used as a fuel test facility, for determining 
coolant decomposition rates, and for conducting heat transfer and surface foul- 
ing tests. 

(b) The 40-mwt. experimental organic cooled reactor (EOCR) is presently 
being designed, with construction scheduled to start this year at NRTS. It is 
scheduled to be critical in 1963. This facility will have more flexibility than 
the OMRE. It will allow an acceleration of the rate at which alternative fuels, 
coolants, moderators, and operating conditions can be investigated, and it will 
give greater assurance that improvements will be available for organic reactors 
that might be built in the future. 

(c) The 11 mwe. organic-cooled and moderated reactor being built for the 
city of Piqua, Ohio, is scheduled for criticality in 1961. It is of primary im- 
portance as a prototype for small nuclear power plants, and it will make pos- 
sible a reasonable analysis of the potential of the organic concept in this size. 
It will also provide operation data that can be extrapolated to larger plants. 

(d) A 50 to 100 mwe. organic-cooled prototype is planned for construction. 
Its primary purpose will be to provide data on use of an improved fuel, such as 
aluminum cermet clad uranium dioxide. An invitation for proposals to build 
this reactor has been issued under the fiscal year 1960 authorization. Should 
no acceptable response be received to the invitation, and if research and de- 
velopment results continue to be favorable, the Commission proposes to start 
construction with funds included in the fiscal year 1961 appropriation request. 
The target date for criticality of this reactor is 1964. It is primarily a proto- 
type for future large-scale power reactors, but the basic fuel element infoma- 
tion which it will develop will be important for process heat and small power 
reactor systems. 

Future plans 


40. Assuming success in operation of the 50-100 mwe. prototype and in other 
research and development, it is anticipated that by 1965 or 1966 sufficient in- 
formation will be available to permit a utility to decide, on economic grounds, 
to construct a 300 mwe. organic-cooled reactor in a high fuel cost area. 

41. In the middle 1960's continuing research and development, if successful, 
should indicate further improvements possible in organic-cooled reactors. A 
50-100 mwe. prototype may be justified to demonstrate these features. 


IIT, SODIUM-COOLED REACTORS 


42. Sodium-cooled reactors appear to have a high potential for achieving 
competitive power in large areas of the United States in the late 1960's or 
early 1970's. 

43. Sodium has many attractive features as a reactor coolant. It is liquid 
at relatively low temperatures, has a very high boiling point, reasonably low 
neutron absorption cross section, and excellent heat transfer and heat transport 
qualities. These characteristics make possible very high steam cycle efficien- 
cies. Because of the negligible pressure required for sodium systems, very 
large sized (500 mwe. and larger) reactors are practical. This is an advantage 
since unit power costs generally decline with increased plant size. The experi- 
mental breeder reactor No. 1, the sodium reactor experiment, and the submarine 
Seawolf and its prototype reactor have demonstrated that sodium-cooled reactors 
can be operated safely. However, there still are problems with fuel elements 
and components which must be solved before these systems can achieve their 
full potential. 
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44. Since liquid sodium is not in itself a moderator, systems which use this 
material as a coolant can operate over a wide neutron energy spectrum, depend- 
ing upon the presence and characteristics of moderating material. In fast and 
possibly in epithermal systems, sodium-cooled reactors are capable of breeding. 
Sodium-cooled reactor systems can operate with uranium 238 plutonium fuel 
systems or with thorium-uranium 233 systems. 

15. The Commission’s program for sodium-cooled reactors is presented under 
two headings—‘Fast reactors” and “Thermal reactors.” 


A. Sodium-Cooled Fast Reactors 


iG. Most of the technical and economic advantages which are inherent in the 
use of sodium as a reactor coolant apply to fast systems. They have an addi- 
tional advantage in their ability to achieve high conversion ratios or to breed. 

47. The research and development program for fast or epithermal liquid metal- 
cooled reactor systems is long range in nature and is expected to yield significant 
results in the late 1960's. In its initial stages, it will concentrate on the de 
velopment of a satisfactory, long-life, high-burnup fuel material; on the utiliza- 
tion of plutonium and uranium 233 as fuels and of uranium and thorium as 
blanket materials; on the development of reliable and less expensive sodium 
components; and on the development of efficient and rapid fuel recycle methods. 


Plans for use of existing or authorized facilities 


18. Domestic civilian power program.—(a) Operation of the first experimental 
breeder reactor (EBR-1) at NRTS will be continued. Upon completion of the 
current safety experiments, a plutonium cermet core will be installed. 

(b) The second experimental breeder reactor (EBR-II) at NRTS is sched- 
uled for criticality in late 1960. The first core for this reactor will utilize U™ 
fuel. The subsequent core will be fueled with plutonium. This plant will in- 
corporate onsite pyrometallurgical fuel processing. 

(c) The 94-emw. Enrico Fermi plant at Monroe, Mich., is scheduled for 
criticality in 1960. Test information on the uranium 10 weight-percent molybde- 
num fuel performance, on fuel rotation, on fuel processing, on core physics, and 
on overall plant performance will be important to the advancement of fast re- 
actor technology. 

49, Military contributions——(a) Various military research and development 
efforts will contribute significant data on fast breeder systems. The develop- 
ment work on the SNAP reactors (Systems for Nuclear Auxiliary Power) will re 
sult in the construction of a number of small sodium-cooled reactors which will 
provide information on the performance of fuel elements, moderators, and 
structural materials, operating at high temperatures in a fast neutron spectrum. 
The aireraft program includes the construction and operation of an experimental 
liquid metal cooled intermediate reactor. This facility will provide useful data 
on high temperature fuel element performance and on the behavior of other 
materials in a liquid metal environment. 

50. Work being undertaken abroad also will contribute information of value 
to our program. The United Kingdom’s Dounreay reactor is an experimental 
facility similar to a large EBR-—1: they plan later to build a large fast breeder 
prototype. The French are planning a 10-mwt. advanced fast reactor using plu- 
tonium as fuel. 

Future plans 


51. A 100-mwe. prototype sodium-cooled fast or epithermal reactor will be 
constructed if the results from existing or planned reactors provide a basis for 
improved design. Two years of operating experience on these plants should be 
available before starting the new prototype. Detailed design and construction 
could start in 1963 or 1964. The primary purpose of this reactor will be to 
incorporate the improvements in design arising out of the operation of prior 


plants, and to demonstrate a plutonium-fueled core optimized for lowest power 
costs. 
52. With the successful completion and operation of the above prototype and 


with data from other plants, it is believed that, by the late 1960's, enough in- 
formation will be available to permit utilities to decide, on economic grounds, to 
construct large sodium-cooled fast breeder plants in many areas. 
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B. Sodium-Cooled Thermal Reactors 


53. Sodium-cooled thermal reactors have the potential of achieving economic 
power in high fuel cost areas of the United States. These reactors can be op- 
erated at high temperatures and low pressures. However, to obtain full benefit 
from these characteristics, a greatly improved fuel element must be developed : 
one capable of long life in the high temperature environment. For this reason 
it is unlikely that this potential can be achieved at an early date. 

54. Since sodium-cooled fast reactors offer most of the advantages of the 
sodium-cooled thermal systems and, in addition, offer the possibility of lower 
fuel costs through breeding, work on sodium-cooled thermal reactors would not 
be expanded until operating results from the Hallam reactor, now under con- 
struction, can be evaluated. Research and development for sodium-cooled 
thermal systems will concentrate on uranium carbide fuel development and on 
major improvements in the design, efficiency, and performance of the sodium 
components. In carrying out this program, full consideration will be given 
to the points of similarity between thermal and fast-cooled systems, and the work 
will be directed in such a way as to achieve maximum benefit to both. 

Plans for the use of existing or authorized facilities 

55. Domestie civilian power program.—(a) The Sodium Reactor Experiment 
(SRE) in California will be returned to operation. For the next several years, 
its use will be limited to testing of advanced fuels and other work in support 
of the Hallam plant. When this work is completed, and if the potential of 
the concept shows continued promise, the SRE will be reassessed as to its suit- 
ability for conversion to a high temperature fuel test facility, or to an advanced 
experimental reactor to demonstrate improvements in termal sodium-cooled 
systems. 

(b) The Hallman (Nebr.) Nuclear Power Facility is secheduled to reach 
criticality early in 1962. Operational plans for this 75 mwe. plant include 
continued testing and evaluation of promising fuels, looking toward reduction 
in fuel cycle costs. Operating experience and tests with the plant are expected 
to yield valuable technical information regarding all sodium-cooled reactor 
plants, including those to operate with neutrons in the fast and intermediate 
energy spectrums. 

Future plans 


56. If evaluation of the operation and tests of the Hallman reactor shows a 
favorable potential for this concept, consideration will be given to the construc- 
tion of experimental or prototype plants to exploit potential improvements. 
Such additional facilities will not be considered, however, until operating ex- 
perience is available and therefore would not be initiated before 1963 or 1964. 


IV. ENRICHED URANIUM GAS COOLED REACTOR PROGRAM 


57. Enriched uranium gas-cooled reactors have the potential of producing 
superheated steam of the quality currently in use in large conventional central 
station powerplants with the resulting high efficiency. Gas-cooled reactors can 
operate at low pressure and therefore can be built in very large sizes. 

58. The Commission has two approaches to the gas-cooled reactors program, 
exemplified by the 22.38 mwe. Experimental Gas Cooled Reactor (EGCR) now 
under construction and the Philadelphia Electric Co.’s 40 mwe. (28.5 mwe. 
with metal-clad fuel) High Temperature Gas-Cooled Reactor (HTGR). The 
HTGR will employ a core utilizing a graphite-clad fuel consisting of fully en- 
riched uranium carbide and thorium carbide dispersed in graphite. The EGCR 
is a reactor utilizing stainless-steel-clad, slightly enriched UO. fuel. In the 
case of both reactors, heat is removed from the fuel by the helium coolant 
and is transmitted to a heat exchanger where steam is formed to drive the 
turbine. The graphite-clad system shows greater economic potential than 
the metal-clad system, but presents more difficult development problems. 

59. The present and immediately foreseeable research and development pro- 
gram is concerned primarily with the design and construction of the EGCR 
and HTGR. Their construction and operation will make possible a more com- 
prehensive evaluation of the potential of the gas-cooled reactor system. The 
program also will include investigations of fuel and cladding materials suitable 


for high burnup at fuel surface temperatures of 1,700° F. and higher and of 
alternate coolants. 
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Plans for existing and committed facilities 


60. Domestic civilian power program.—(a) The 22.3 mwe. experimental gas 
cooled reactor (EGCR) at Oak Ridge is scheduled for criticality in 1962. This 
power-producing prototype will furnish statistically significant economic data 
on operation of gas-cooled reactors. It will be used as a flexible test facility 
which will permit the testing of advanced fuels, materials, and components suit- 
able for use in future gas-cooled power reactors. Work on this project will be 
carried out in close cooperation with work of the United Kingdom on its ad- 
vanced gas reactor (AGR). 

(b) The Philadelphia Electric Co.’s 40 mwe. (initially 28.5 mwe.) high tem- 
perature gas cooled reactor (HTGR) is being designed and is scheduled for 
criticality in 1963. The work supporting this project includes development 
of impervious graphite, uranium carbide-thorium carbide fuel dispersed in 
graphite, high temperature components, and auxiliary systems including methods 
for trapping fission products which may get into the gas coolant. 

61. Military and maritime contributions—(a) The Commission’s aircraft 
nuclear propulsion direct-cycle program is continuing to utilize the heat trans- 
fer reactor experiment No. 3 (HTRE-3) at NRTS. Present work is being con- 
centrated on the review of HTRE-3 reactor design and its control system. Ex- 
pansion of inpile component testing is underway at the engineering test re- 
actor (ETR). High-temperature information developed by HTRE-8 will provide 
valuable information on fuel elements for gas reactor systems. 

(b) The gas-cooled reactor experiment being constructed for the Army nuclear 
power program is scheduled to go critical this year. This facility will provide 
important data on core performance, particularly On small water-moderated, 
stainless-steel-clad, uranium dioxide cermet fuel cores and water-moderated 
uranium dioxide or uranium-beryllium oxides pellet cores. The use of nitrogen 
as coolant will be investigated. Closed-cycle gas turbine machinery will con- 
tinue to be developed and tested. 

(c) Development work on gas-cooled reactors for other special purposes, such 
as maritime propulsion, will continue to provide information important to the 
evaluation of the potential of gas-cooled reactor technology for large central 
station powerplants. 

62. In addition much valuable information also will be obtained from our co- 
operative arrangements with the United Kingdom on the Dragon project. This 
is a high-temperature gas-cooled reactor to be built in the United Kingdom as 
a cooperative project with the Organization for European Economic Coopera- 
tion. 


Future plans 


63. Based upon the successful operation of the EGCR and the HTGR, a pro- 
totype to demonstrate advanced features will be initiated. An evaluation will 
determine the choice between the EGCR and the HTGR approaches. It is ex- 
pected that this 100 mwe. prototype could be initiated in the middle 1960's. 

64. It is believed that after operating experience is gained from the programed 
reactors, sufficient information will be available by the early 1970’s to permit 
utilities to decide, on economic grounds, to construct in high fuel cost areas a 
300- to 500-mwe. gas-cooled reactor using enriched fuel. 


V. HEAVY WATER REACTOR PROGRAM 


65. Heavy-water-moderated, natural-uranium-fueled reactors have a number 
of unique advantages. For example, they eliminate dependence upon diffusion 
plants in the fuel cycle, they have high neutron economy, and they require rela- 
tively small quantities of uranium ore per unit of power produced. On the other 
hand, these reactors are physically large with consequent high capital costs. 
The reactivity lifetime of the natural uranium fuel is more limited than that of 
enriched uranium fuel. 2 

66. Several heavy-water-moderated reactors including prototypes using en- 
riched fuel at this stage, but capable in larger sizes of operating on natural 
uranium are planned or are under construction in the United States. The 
Canadians are planning construction of both a 20 mwe. prototype, the NPD, and 
a 200-mwe. natural uranium heavy-water-moderated plant, the Candu. These 
plants are scheduled for criticality in 1961 and 1964, respectively. Negotia- 
tions are currently underway with the Canadians looking toward an expanded 
program for cooperation in the development of heavy-water reactors. Close 
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cooperation under this agreement will be mutually beneficial and, in addition, 
will serve to assist the Commission and U.S. industry in determining the future 
role of heavy-water reactors in this country. 

67. The U.S. research and development program will be directed toward those 
problems which are critical to the evaluation of heavy-water-moderated systems. 
To the fullest extent possible, it will use pertinent information being developed 
in other programs and in other countries. The critical problems are those- 
associated with reactivity limitations on fuel lifetime (including fuel manage- 
ment techniques for extending these limits), minimizing loss of heavy water, and 
techniques for fabricating components of pressure-tube or pressure-tank systems. 
One difficult design objective is to obtain the high coolant temperature needed 
for high thermal efficiency while maintaining the cool moderator necessary for 
long fuel-reactivity lifetime. The research and development program and co- 
operation with other countries will be planned so that the combined results 
will provide a sound basis for evaluation of this class of reactors, including 
desigus which use coolants other than heavy water (e.g., organic and gas). 

Plans for existing and authorized facilities 


68. Domestic civilian power program.—(a) The heavy-water components test 
reactor (HWCTR), which, like the other projects now included in the heavy- 
water program, uses enriched fuel, is scheduled for criticality in 1961, at the 
Savannah River plant. This reactor will be used to obtain operating informa- 
tion on a heavy-water-moderated system under conditions similar to those that 
might be suitable for power production. It will provide irradiation tests on fuel 
elements being considered for heavy-water-moderated systems, and will provide 
tests of other components such as pumps, valves, and instrumentation. 

(0) Research and development on a cooperative basis in support of the 50- 
mwe. reactor of the East Central and Florida West Coast Nuclear Groups will 
continue, looking toward an early evaluation, in accordance with the terms of the 
contract, and a determination as to whether or not the project will proceed 
with plant construction. If built, the reactor is scheduled for completion in 1963. 

(c) A heavy-water-moderated and cooled-pressure-tube reactor of 17 mwe. 
capacity is being designed and is scheduled for criticality in 1962 in accordance 
with a contract between the Commission and the Carolinas-Virginia Nuclear 
Power Associates, Inc. This reactor will provide additional data on the per- 
formance of heavy-water reactors. 

(d) The plutonium recycle test reactor (PRTR) is scheduled for criticality 
in 1960. This is an experimental facility to investigate the economic feasibility 
of plutonium recycling. However, the fact that this reactor uses heavy water 
as a coolant and moderator, incorporates a pressure tube design, and operates 
at power reactor temperatures, makes it an important source of additional infor- 
mation and technology. 

Future plans 


69. When operating and cost data are available from the United States and 
Canadian heavy-water reactors it is believed that there will be sufficient infor- 
mation to determine whether or not construction of a large heavy-water reactor 
is economically justified in high fuel cost areas of this country. We believe such 
an evaluation can be made by 1966 or 1967. 


VI. AQUEOUS HOMOGENEOUS REACTOR PROGRAM 


70. The aqueous-homogeneous reactor offers many advantages for production 
of power since it operates with a solution fuel, incorporates continuous fission 
product removal, and is largely self-regulating due to its large negative tempera- 
ture coefficient. It further offers the possibility of breeding when operating on a 
thorium-uranium 233 fuel cycle. Major technical problems are associated with 
the corrosive nature of the fuel, stability of the fuel solution under irradiation, 
the maintenance problem associated with the radioactive primary loop, and the 
limited operating temperatures with the attendant low steam cycle efficiencies. 

71. It is still too early to determine whether the simplicity of the fuel cycle 
and potential breeding will be more than offset by technical complexities and 
temperature limitations. Because of special advantages, research and develop-- 
ment will be continued on the technical problems on a long-range basis. 
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Plans for use of existing facilities 

72. Domestic civilian reactor program.—(a) Research and development work 
will concentrate on understanding and solving the fuel stability and corrosion 
problems in the core and on development of a suitable blanket material. Opera- 
tion of the homogeneous reactor experiment nuclear (HRE-2) facility should 
be directed to aiding in the solution of the fuel stability, the remote maintenance 
and other basic system problems. 


Future plans 

73. The outcome of the research and development work will furnish guidance 
to the Commission in determining if a third aqueous-homogeneous-reactor ex- 
periment should be constructed. This experiment, if indicated as advisable, 
should be built in 1962-63 and should demonstrate breeding, or, as a minimum, 
a high conversion ratio. If the experiment proves successful a prototype of 
about 50-mwe. could be initiated in the late 1960's. 


VII. NEW CONCEPTS PROGRAM 


74. As technology is developing rapidly in many directions, the Commission 
must be alert to evaluate new reactor ideas as well as new ideas for major im- 
provements in existing reactor types. However, a decision to proceed with the 
development of design alternates representing major technological advances 
depends upon an evaluation of the benefits expected to result. Such evaluation 
is difficult even when considerable technical data on each exists. Early con- 
struction of inexpensive reactor experiments may be justified to help determine 
the technical feasibility of advanced designs which look promising. The Boiling 
Reactor Experiment (Borax), the Organic Moderated Reactor Experiment 
(OMRE), and the Los Alamos Power Reactor Experiment (LAPRE) are ex- 
amples of reactors built in minimum time at low cost to provide answers to 
specific questions as to technical feasibility. 

75. The following reactor types or reactor modifications are typical of those 
currently being investigated. In several cases specific research and development 
is being carried out in areas critical to the evaluation : 

(a) Fused salt.—This is a fluid fuel design based upon the use of a mixed salt 
solution of fissionable and fertile materials which is circulated from the reactor 
through an external heat exchanger. Potential advantages of this system are 
high thermal efficiency, low pressure and simplified fuel reprocessing. 

(b) Fluidized bed.—This design is based upon maintaining a bed of fissionable 
and fertile material in a fluidized state under turbulent flow conditions. Organic 
material or water are considered as possible fluidizers and coolants. High power 
density and ease of charging and discharging fuel are potential advantages of 
this system. 

(c) Paste or suspended fuel.-This design is similar to the fluidized bed 
design except that the bed is maintained in a laminar, nonturbulent condition, 
and is internally cooled by a separate coolant. Many of the potential advan- 
tages of the fluidized bed are retained. In addition, because of the nonturbu- 
lence, particle attrition is reduced and reactor control may prove to be easier. 

(ad) Supercritical water cooled.—A reactor based upon this concept would 
operate at extremely high pressure, avoiding the phase change associated with 
boiling yet permitting the generation of superheated steam external to the 
reactor. High thermal cycle efficiency is the potential advantage of this 
alternate. 

(e) Slurry.—This design is based on a fluid fuel system in which the particle 
size of the fissionable or fertile material is so small that it forms a suspension 
under operating conditions. The reactor may be cooled externally or in- 
ternally. The carrier fluids undergoing most active investigation are water and 
liquid metals. The potential advantages of this concept are similar to those 
cited for other fluid fuel reactors. 

(f) Advanced epithermal.—A compromise design between sodium-cooled fast 
reactors and sodium-cooled thermal reactors may have advantages over either— 
particularly for the thorium fuel cycle. This design would include some modera- 
tion by graphite or beryllium, optimized for high conversion ratio with uranium- 
233 fuel consistent with economic promise. High thermal efficiency and low 
pressure characteristics of sodium-cooled system would be retained. 

(g) Pebble bed gas cooled.—In this concept a stationary bed of balls (or 
pebbles) containing the fissionable, fertile and moderator materials is cooled by 
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a gas. Potential advantages are in the area of low fuel cycle costs, and high 
thermal efficiency. 

(h) Solid moderated, steam-cooled reactors.—In this concept, heat from the 
fuel is radiated to the moderator (graphite beryllium oxide, zirconium hydride, 
ete.) which in turn is cooled by water or steam. High thermal efficiency is the 
principal potential advantage. 

(i) Alternate coolant fast reactors——This design is similar to the sodium- 
cooled fast reactor except that alternate coolants are being considered. These 
include mercury, lead, lithium, sulfur, and other materials. It is believed that 
with certain of the alternate coolants increased efficiency and reduced costs 
may be attainable. 

Plans with respect to existing or authorized facilities 

76. Domestic civilian power program.—(a) The Los Alamos Molten Plutonium 
Reactor Experiment (LAMPRE) is under construction. It will be operated to 
demonstrate the technical feasibility of a fast reactor using a fluid or molten fuel. 

(b) The High Temperature Gas Cooled Reactor Experiment (Turret) is 
under design at Los Alamos, would establish the feasibility of operation with 
a gas coolant at temperatures above 2,000° F. An attempt will be made to 
handle a very radioactive primary system. This reactor might have direct 
application in supplying process heat to the chemical and metallurgical 
industries. 

Future plans 


77. Engineering studies, research and development, and evaluation of the new 
reactor concepts will be continued to the point where a decision can be reached 
either to build a reactor experiment or to terminate the work. During the next 
few years it is probable that three to five of these concepts will have reached a 


point where construction of a reactor experiment will be justified. Subsequent 


evaluation of the results from these experiments may justify the construction 
of several prototypes. 


VIII. NUCLEAR TECHNOLOGY 





78. In addition to the specific work carried on under individual power reactor 
projects, there is an area of more broadly based development in nuclear tech- 
nology. The general objectives of this program are to provide basic data on 
reactor systems and related problems, to carry out engineering development of a 
general and fundamental nature, to investigate the feasibility and potential of 
new methods for improving reactors, and to provide tools, such as test and re- 
search reactors and remote handling devices, for use in reactor research and 
development. 

79. Developments in this area should help to lower the cost of nuclear power 
generation through improvements affecting many types of reactors and through 
reductions in the overall cost of the reactor fuel cycle. 











A. Fuels and materials 





80. Research in this category is directed toward evaluating the potential of 
materials for reactor applications, determining their basic properties and devel- 
oping engineering design information on nuclear fuels and reactor materials. 
This work will result in more efficient utilization of nuclear fuels and reactor 
materials in reactor cores. 

$1. In this field, the fuel cycle development program was established to con- 
centrate research effort on reduction of nuclear power costs through improve- 
ments in fuel performance and reductions in fuel costs. During fiscal year 1959, 
24 research and development proposals submitted by industrial organizations in 
response to public invitation were accepted. Additional work was assigned to 
National Laboratories and the research effort of other contractors was increased. 
Research necessary to reduce the oveall fuel cycle cost includes an intensive ef- 
fort to increase reactor core life and fuel burnup, increase the irradiation stabil- 
ity of nuclear fuel, reduce fuel fabrication costs, and attain higher temperature 
opeation of fuel assemblies. Specific plans under these programs are as follows: 

(a) The development of basic engineering information concerning alloys of 
fissionable elements, uranium oxide, uranium carbide, and plutonium- and 
thorium-bearing ceramic fuels will be actively pursued. In particular, addi- 
tional data are required on the properties of materials at the maximum tem- 
peratures contemplated for their use. 
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(b) The effect of radiation upon the properties and performance of reactor 
materials will be determined with particular attention to the effects of long- 
term irradiation. 

(c) To facilitate reductions in fuel cycle costs, the search for improved 
fabrication methods and simplified fuel element concepts to reduce fuel element 
fabrication costs will be emphasized. 

(d) Research directed toward understanding the mechanisms of release or re- 
tention of fission gases will be increased in the hope of extending the useful re- 
actor life of nuclear fuels and achieving higher fuel temperatures. 

(e) Knowledge will be sought on the behavior of oxide fuel elements under 
irradiation at temperatures that result in central melting, or vapor phase move- 
ment of the fuel, in order to establish the feasibility of reactor operations under 
these conditions. 

(f) Research on nondestructive testing techniques and on the development 
of improved nondestructive testing equipment will be continued. 


B. Fuel Reprocessing 


82. This effort places principal emphasis on reducing the cost of reproces- 
sing current reactor fuels and on developing techniques for processing advanced 
fuels in proportion to their potential. These objectives include the development 
and demonstration of methods for power reactor fuel reprocessing which will 
make possible the eventual entry of private industry into this area. At this 
time, proven technologies do not exist for many fuels. The demonstration pro- 
gram now planned will define these technologies more clearly while exploring 
promising alternates. 

83. The program in the closed fuel cycle concept, consisting of low decon- 
tamination processing and remote refabrication, presently emphasizes pyro- 
metallurgical techniques. It is being carried out partly as backup to the EBR- 
II concept, and partly in exploration of the degree to which this radical new 
approach to the entire fuel cycle will find application in other power reactor 
systems. The increasing importance of high burnup lessens the significance of 
fission product poisoning; at the same time direct handling of recycled fissionable 
materials becomes more difficult due to gamma and beta active isotopic con- 
tamination. If economics can be favorably demonstrated the closed cycle ap- 
proach wil be more compatible with these developments than the conventional 
direct fabrication cycle, and in addition will offer the possibility of reducing 
external fuel inventory charges. 


C. Environmental Investigations and Waste Disposal 


84. The principal objective of this program is the engineering development of 
practical systems for the safe handling and disposal of the wide variety of 
radioactive wastes evolved from nuclear energy activities. To meet this ob- 
jective requires the accumulation of quantitative information obtained from a 
broad program of both laboratory and field investigations ranging from evalua- 
tion of the behavior and fate of radioactive materials that may be dispersed in 
specific environments (air, ground, and water), to development of techniques and 
systems for concentrating and fixing large quantities of radioactive materials 
in solid form suitable for ultimate, long-term disposal in specially selected 
locations. 

Accordingly the projects in this program include specific river, atmospheric, 
marine, and hydrogeologic studies on a wide geographic scale; laboratory and 
pilot scale studies of waste fixation schemes; and supporting laboratory investi- 
gations. The transition to prototype field and engineering projects will continue 
to be a significant feature of the program in the future. The results of this 
work are also essential for developing data related to the environmental aspects 
of the location, design, and operation of nuclear reactors and associated 
facilities. 

D. Physics 


85. The physics program will be directed toward the development of funda- 
mental physics data on reactor materials such as cross-section measurements of 
reactor materials, physics experiments aimed at improved core design and 
better reactivity control, and other fundamental studies to improve reactor 
design. This work will include research on the isotopic composition of high 
burnup fuel and on the effect on reactivity lifetime of fissionable isotopes and 
fission-produced poisons generated during long-term exposure. 
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E. Reactor Components, and Associated Equipment 


86. The reactor components program is directed toward the solution of funda- 
mental engineering problems applicable to all reactor concepts and toward the 
development of components generally useful in power reactors. It consists of 
the following: 

(a) Increased emphasis will be placed on development of means for obtaining 
higher heat transfer rates in reactor coolants, so that full advantage may be 
taken of the improved heat flux and temperatures available from high power 
density cores. 

(b) A major effort will be initiated to develop instruments, both in-core and 
out-of-core, to measure reactor performance, with special emphasis on measur- 
ing fuel burnup and detecting fuel failures, as well as on improved methods of 
measuring coolant flow rate, temperature, pressure and steam void fraction. 

(c) Fuel-handling equipment will be developed which will make possible the 
interchange and remote removal and replacement of reactor fuel element 
assemblies without necessitating reactor shutdown. Work will also be con- 
tinued on equipment for remote fabrication of fuel elements incorporating highly 
radioactive recycled nuclear fuels. 

(d) Basie development of mechanical components will be undertaken to pro- 
vide pumps, compressors, valves, seals, and other items for use in high-tem- 
perature gas reactor systems. Work will be continued on development of 
improved pressure vessel and heat exchanger design and fabricating techniques 
to reduce the cost and increase the reliability of this equipment, and to determine 
the effects of neutron radiation on these structures. Techniques will be devel- 
oped for remotely inspecting and testing pressure equipment after long periods of 
service in radiation environments. 


F. Reactor Safety 


87. Problems in reactor safety will intensify by virtue of the increasing num- 
ber of new reactors and the growing diversity of types. The reactor safety 
program will continue the experimental and analytical work required to pro- 
vide a sound technical basis for safe and economical reactor design. The prin- 
cipal categories of work will deal with reactor kinetics and transient tests, 
hazardous chemical reactions including fission product release, and reactor 
containment. A major objective of the work is to develop information which 
may be used not only for developing sound theoretical models for predicting 
reactor behavior but which also may be useful in establishing criteria and 
standards for the safe design and operation of reactors. 

(a) The reactor kinetics program will continue with the operation of the 
SPERT (Special Power Excursion Reactor Test) series of reactors and the 
KEWB (Kinetic Experiments on Water Boilers) reactor. The SPERT reactors 
are designed to obtain transient test data for the full range of heterogeneous 
water reactors, including swimming pool, boiling water, heavy water, and pres- 
surized water reactors. An additional feature of the SPERT II reactor is the 
ease with which it can be modified to conduct transient testing of organic sys- 
tems. Major effort under the SPERT program will be made to obtain data and 
mathematical models which will be useful not only in design and for hazards 
analysis of reactors but also in establishing standard test procedures for prov- 
ing the dynamic characteristics of new reactors before they are licensed for 
operation. 

(b) The KEWB program should be completed in calendar year 1961 with the 
test of a cylindrical core. KEWB data will have wide application not only to 
an understanding of homogeneous reactor kinetics but also to safety analysis 
of chemical-processing plants. 

(c) Additional support work will be provided to the reactor transient testing 
program in the field of kinetics analysis, transient heat transfer, and bubble 
dynamics. 


APPENDIX A 


. SL-1647, Power Cost Normalization Studies. 
Status Report on Boiling Water Reactors. 

Status Report on Heavy-Water-Moderated Reactors. 
Status Report on Organic-Cooled Reactors. 

Status Report on Pressurized Water Reactors. 
Status Report on Fast Reactors. 
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Status Report on Aqueous Homogeneous Reactors. 
. Status Report on Sodium Graphite Reactors. 
9. Status Report on Gas-Cooled Reactors. 


Ss 

(d) The efforts to determine the true hazard of metal-water reactions will try 
to correlate laboratory tests and theory with capsule-type inpile experiments 
and, finally, full-scale core meltdown measurements. Fission product release 
studies will be made inpile for the first time and generalized theories developed 
to allow accurate prediction of both fission product release and metal-water re- 
action in any credible accident. 

(e) The high cost of containment design will be attacked by investigations 
of alternate methods of protection such as confinement in ordinary buildings, 
and the use of energy sinks and vapor suppression schemes. In addition, data 
and theories of the response of containment structures to dynamic loading will 
continue to be investigated in order to eliminate any excessively conservative 
design criteria and their concomitant excessive costs. 


Ix. COSTS 


88. The Commission has attempted, for planning purposes only, to forecast 
the level of costs for research and development, design and construction of ex- 
periments and prototypes, operation costs, waivers of fuel charges, and general 
engineering support of the civilian power program, The years immediately 
ahead are more easily estimated, of course, than the years later in the effort 
to achieve economic power. Gross total costs, including prototype but not com- 
mercial-size plants, are forecast to average between $180 million and $200 
million a year. The bulk of the expenditures probably will be made by the 
Government, but industry is expected to make a substantial contribution. 


ADDITIONAL REACTOR PROGRAMS 


89. Concluding our presentation of the Commission’s civilian power reactor 
program, I would like to summarize a few additional reactor programs, in 
some of which the committee has expressed special interest. 

90. Test reactors.—Most fuel irradiation tests requiring thermal neutrons are 
now conducted in the Commission’s materials testing and engineering test reac- 
tors. Some smaller Commission reactors also are being used for this purpose, 
and a few privately financed test reactors, such as those of Westinghouse and 
General Electric, have become available. Last year, the Commission sought to 
obtain a greater portion of its irradiation test needs from industry. As a result 
of an invitation the Babcock & Wilcox Co. proposal was selected as a basis for 
negotiation of a contract for use of space in a reactor to be constructed. 

91. Due to the increasing needs, particuiarly in the Navy program, for 
thermal fluxes higher than available in existing or planned test reactors, the 
Commission, in August, contracted with Phillips Petroleum Co. for a conceptual 
design study for a high-flux test reactor incorporating the most advanced tech- 
nology available. During the coming year the possible requirements for fast 
breeder fuel element test facilities will be studied. 

92. Industry’s and the Government’s requirements for irradiation space in 
test reactors in the period 1960 through 1965 are being evaluated. The results 
will serve as a basis for determining the nature of arrangements for building a 
high-flux test reactor. 

93. Process heat.—One reactor development effort not directly associated with 
the generation of electricity is our program to develop nuclear reactors for 
industrial process heat. As indicated previously, the Commission has under- 
taken design and construction of a 40-mwt. pressurized water reactor to pro- 
duce low-temperature process steam. The Department of the Interior will build 
an associated experimental plant in California which will use heat from this 
reactor to convert saline water to potable water. 

94. Work on high-temperature process heat is being carried on in a joint 
experimental program between the Commission and the Bureau of Mines at the 
latter’s Appalachian Experiment Station, Morgantown, W. Va. The ultimate 
objective is use of heat from a nuclear reactor for gasification of coal. The 
previously described high-temperature, gas-cooled reactor experiment, desig- 
nated “Turret,” is a possible source of high-temperature industrial process heat. 

95. Thorium utilization.—Four reactors discussed under specific concepts in 
part IV are scheduled to utilize thorium. These are the sodium reactor experi- 
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ment, and the power reactors of Consolidated Edison, Rural Cooperative Power 
Association, and the Philadelphia Electric Co. Operating experience from these 
four plants and further development and testing at the homogeneous reactor ex- 
periment, will provide a base for further evaluation. Should evaluation indicate 
a potential justifying further experimental or prototype reactors designed pri- 
marily for thorium utilization, necessary authorizations would be requested. 

96. Specific problems of thorium utilization include fuel stobility, corrosion, 
and the development of slurry or other systems suitable for fluid fuel thorium 
breeders. 

97. Contributions of military reactor programs.—The military reactor pro 
grams have been of industrial importance from their inception. They have con- 
tributed, and on an increasing scale continue to contribute, technical informa- 
tion to the civilian reactor programs. 

98. The naval reactors program has made many direct contributions. The 
pressurized water reactor, for instance, was selected for the Shippinport plant 
because full advantage could be taken of technology developed in the naval 
program. 

99. All water-cooled reactors benefit from past development of the naval re- 
actors program. Sodium technology and components were first developed for the 
submarine intermediate reactor. 

100. The Army reactors program contributes to development of small power- 
plants for civilian purposes. Low-output plants provide a significant portion of 
the power generated today in this country. The Army objectives of ease of in- 
stallation, operation, and maintenance, and minimum crew size and training 
requirements, are directly applicable to small civilian plants, particularly in re- 
mote locations. Among specific developments from the Army program are stain- 
less-steel, uranium oxide plate fuel elements and control rod drives, both sub- 
sequently used in the civilian program. The portable gas-cooled reactor MI-1 
will be the first plant in operation which combines a reactor heat source with a 
closed gas-turbine cycle. 

101. The aircraft reactors program, which includes the direct-cycle, indirect- 
cycle, Rover, Pluto, and Snap projects, has provided much new and extremely 
useful information to civilian reactor technology. These projects have been 
the major source of data on very high temperature effects on reactor materials, 
and components. This program also produces very useful data in the lower tem- 
perature ranges on shielding and on the effects of radiation on organic materials. 

102. Radioisotope power technology developed under the Snap program is 
readily usable for special power applications such as remote unattended weather 
stations. Technology in power conversion has also been advanced by research 
in thermoelectric and small power conversion equipment. Progress is being 
made by the Rover advanced concept group at Los Alamos in their research 
on a very promising energy conversion device—the plasma thermocouple. 

1038. During the past year, a revised classification guide permitted release of 
additional information about military reactors. Asa result, only that informa- 
tion which reveals features essential to the design, construction, or operation of 
specific military reactors remains classified. The aircraft reactor experiment 
at Oak Ridge National Laboratory was completely declassified, as was the 
aircraft reactor test there, and the supercritical water reactor. 

104. Information declassified and available from these reactor programs 
includes fused salt fuels and liquid metals technology such as the compatibility 
with stainless steel of sodium, sodium-potassium, bismuth and lead. In addi- 
tion, technology associated with the nichrome V fuel element designed for the 
direct-cycle reactor has been declassified and information on the behavior of 
this material in a reactor environment will soon be made available. 

105. These declassified research and development documents are made avail- 
able to the public through our standard distribution channels and contribute 
materially to industrial knowledge. 

106. Maritime program.—The effect of the maritime reactors program thus 
far has been chiefly upon the industrial and official bodies associated with the 
development, design, construction, and forthcoming test operation of the NS 
Savannah—the world’s first nuclear-powered mechant ship. These groups range 
from the reactor designer, naval architect, and shipbuilder to the regulatory 
bodies and local port authorities in the United States and abroad. 

107. From the inception of the Savannah project, normal commercial practice 
has been followed in order to establish procedures for possible future nuclear 
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vessels. The crew has been selected from the officers and men of the Americam 
merchant marine. The ship is being constructed in accordance with established 
codes and regulations of both marine and nuclear industries. 


EVALUATION OF FOREIGN NUCLEAR POWER PROGRAM 


108. Before leaving the subject of reactors, I would like to give a brief evalu- 
ation of foreign activities on power reactors. 

109. The joint power reactor program between the United States and the 
European Atomic Energy Community has not developed to the extent originally 
expected. Factors with which you are acquainted have sharply reduced the 
original urgency for immediate construction of large-scale nuclear powerplants 
of some 1 million kilowatts total capacity. 

110. Long-term interest in nuclear power is continuing, but the emphasis 
is shifting in Western Europe, as elsewhere, to technological developments 
leading toward the reduction of costs rather than to early large-scale 
construction. 

111. Only one definitive proposal (that of the Italian utility, Senn) was re- 
ceived in the joint U.S.-Euratom nuclear-power reactor program by the deadline 
of last October. Our staff in Brussels is assisting the Euratom staff in work- 
ing with the representatives of the Franco-Belgian group, which has reaffirmed 
its intention and ability to submit a definitive proposal. Completion of the 
project would run over the December 31, 1963, deadline, but still could be 
undertaken in the second phase of the program which calls for completion by 
December 31, 1965. 

112. The German utility study group, AKS (Arbeitsgemeinschaft Kernkraft- 
werkes Stuttgart), had advised it can no longer hold out the promise of a 
vinding commitment for the construction of a nuclear-power plant under the 
joint program, Therefore, this project will not be included in the 1963 phase 
of the program and may be out permanently. 

113. The Commission has carefully considered the Euratom program in light 
of the present circumstances. The U.S. policy on the importance of European 
economic and political integration has not changed. Euratom fosters such 
integration, while the need for nuclear power as an immediate additional power 
source in Europe has lessened, the construction and operation of American- 
designed nuclear plants in Western Europe by the end of 1965 would still be 
of some technological benefit to the United States. These benefits would include 
the opportunity for additional demonstration of reactor concepts developed in 
the United States. In the interim, engineering and fabrication of such plants, 
and the creation of new facilities where improvements may be tried and demon- 
strated, will be useful to our technology. The operation of such plants will 
provide statistical information on fuels and reactor performance which would 
be of value. 

114. We have approved the Senn proposal recommended to us by the U.S.- 
Euratom Joint Reactor Board as a generally satisfactory project and as an 
acceptable basis for development of such necessary subordinate arrangements 
as the Euratom-Senn contract, the fuel-cycle guarantee contract, and the U.S. 
fuel supply plutonium purchase and reprocessing contracts. When these ar- 
rangements become definitive, we shall request congressional authorization of 
the appropriate fuel-cycle guarantee. 

115. With respect to the two reactors currently authorized for 1965, we 
continue to believe that an invitation should be issued at an appropriate time. 

116. The joint research and development program supported by the United 
States and Euratom gained widespread attention in this country and in the 
European Community. To date, proposals with a dollar value of almost $3.34 
million have been approved by the Joint Research and Development Board. Of 
this, $1.7 million worth will be performed in the United States at our expense. 
A total of $600,000 has already been contracted for and the remainder is in 
negotiation. Similarly, Euratom has contracted for about $449,000 of the $1.65 
million to be done in Europe, with the remainder in negotiation. All of the 
proposals approved so far, both for U.S. and Euratom financing, cover research 
and development related to water reactors, chiefly in the field of fuel-cycle 
studies. 

117. We propose to continue the research and development program, but limit 
it to a modest amount in connection with the Senn project. This limitation 
would apply until responsive proposals to build reactors have been received in 
connection with invitations for 1965. 
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118. Apart from continuing the joint reactor program and its associated joint 
research and development program within their present framework, we will, of 
course, keep in close consultation with Euratom for the purpose of identifying 
any additional cooperation which would be of mutual technical benefit. 

119. The situation in India and Japan differs somewhat from that in Europe. 
Both of these nations believe that nuclear power may be economic or nearly so 
in some of their high cost areas at the present time. India is studying a nu- 
clear-power program which might be incorporated in its third year of its 5-year 
program and has held discussions with us on their plans. They plan to solicit 
this year on a worldwide basis, bids for a 250-mwe. reactor to utilize natural ura- 
nium. Japan has contracted for a full-scale reactor of the Calder Hall type, 
is negotiating a contract for the purchase of a boiling water prototype reactor 
of 12 mwe., and is reported to have an interest in a large-scale reactor of the 
water-moderated type. While these activities are encouraging, we believe it is 
still too early to predict to what extent and on what time schedule substantial 
nuclear-power programs may get underway in either of these countries. 

120. The nuclear-power program of the United Kingdom is approximately on 
their current schedule of obtaining 5 to 6 million kilowatts’ capacity by 1966. 

121. On my recent visit to the Soviet Union, I learned that the U.S.S.R. will 
install only the first of the two reactors planned for the Voronezh nuclear power 
station and only two of the four scheduled for Beloyarsk. Also, the Leningrad 
nuclear power station apparently will not be constructed until the first reactor at 
Voronezh has been operating. Thus, stretchouts from their 1955 and 1958 
construction plans are apparent, as I’m sure some members of the Joint Com- 
mittee learned on their trips to the Soviet Union. As far as we know, the 
U.S.S.R. dual-purpose reactor program is not involved in these stretchouts. I 
should note, also, that for reactors in the 5- to 50-emw. range are to be built at 
Ulyanovsk; the site is now being prepared for these reactors and they are to be 
completed in 1962-64. The U.S.S.R. is reported to be building a 97-emw. nuclear 
powerplant for Czechoslovakia and the 70-emw powerplant in East Germany, 
expected to go into operation in 1963-65. 

22. Our testimony, of course, has reviewed only a portion of our international 
atomic activities—those related to nuclear power. We are lending every assist- 


ance to the study on international activities in atomic energy being carried out 
for this committee by Mr. Robert McKinney. We will be interested in the results 
of this study. 


INDUSTRIAL ACTIVITIES 






123. In considering the development, growth, and state of the atomic energy 
industry in the United States we are glad to report that the industry continues to 
srow. 

124. An index of this growth is to be found in the most recent Joint Commis- 
sion-Bureau of Census annual survey of shipments of key atomic energy products 
from private manufacturing establishments during 195s. 
growth in such shipments over 1957. 

125. The heaviest industrial impact of atomic energy work comes, of course, 
from construction of nuclear reactors. Data based on a quarterly Commission 
survey indicate civilian and military reactor projects under construction or 
active development as of September 30, 1959, including both Government and 
private projects, represented total commitments of more than $1.7 billion. This 
figure includes about $320 million for research and development work directly 
related to specific reactors. 

126. Let me make clear that the survey on which these figures are based covers 
only projects which actually are under construction or active development, and 
excludes projects already completed, such as Shippingport, and projects 
announced as planned but which are not yet in design stages. 

127. About $1 billion of the $1.7 billion total is for civilian projects, the 
remaining $700 million for military projects. Propulsion reactors for naval 
vessels account for about two-thirds of the military total. The bulk of the 
money still remains to be spent. We believe this represents a conservative esti- 
mate of the level of reactor activity, since the dollar figures do not include 
projects for propulsion of aircraft, critical experiments, small training reactors, 
and general research and development work. 

128. Eighteen reactor experiments and prototypes directed toward production 
of economical nuclear power accounted for $717 million. The Commission’s 
support totaled $252 million and electric utilities were financing $465 million. 
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129. The Commission, under the provisions of the Atomic Energy Act, has a 
responsibility to encourage widespread use of atomic energy in such a manner 
as to strengthen free competition in private enterprise. 

130. From its inception the Commission has turned to private industry to con- 
struct its facilities, and to industrial companies and educational institutions for 
their operation. 

131. It continues to be Commission policy, announced first in 1956, that the 
Commission will cease to provide any service or product to the public whenever 
they can be provided, under reasonable terms by private industry. 

132. The Commission also has maintained a firm policy of procuring goods and 
services from private industry wherever practical. 

33. As you know, there has been discussion recently regarding the Bureau 
of the Budget Bulletin 60-2, issued last September, in modification of previous 
bulletins on the same subject. This bulletin states that generally the Federal 
Government should not start or carry on any commercial industrial activity to 
provide a service or product for its own use if they can be procured from private 
enterprise through ordinary business channels. 

134. We received letters from industrial groups asking that we review cer- 
tain of our activities from the standpoint of the bulletin. Our response to 
industry has been placed before this committee. 

35. During 1959, the Commission took further action to increase private 
participation in atomic energy work. For example, it continued efforts to pro- 
cure fuel fabrication and processing services from private firms wherever pos- 
sible. As a result, Commission contracts for such service valued at about $40 
million were let during the year. 

136. The Commission also increased use of private facilities for recovery of 
unirradiated scrap. 

ISOTOPES DEVELOPMENT 


37. The Commission has reported to the Congress frequently on the steadily 
increasing use of radioisotopes in agriculture, medicine, and industry. In the 
interest of informing this committee of the current status of radioisotopes tech- 
nology and application we have submitted to you a special report on radioiso- 
topes in science and industry. I believe the report will prove of considerable 
interest to you as well as bringing more fully to public awareness the ever- 
increasing influence of radioisotope technology in so many facets of our daily 
lives. ' 

138. The report illustrates the large range of possible radioisotope applica- 
tions. I would like to mention elimination of agricultural pests as an example. 
The radiation fr : radioisotopes has been the means for wiping out the screw 
worm fly from Florida and the Southeastern United States, where ranchers 
formerly suffered $15 million to $25 million annual loss due to this pest. Work 
is being carried out in this and other countries of the world to determine 
whether or not this same technique can be successfully applied to the elimina- 
tion of other types of pests, such as boll weevil, Mediterranean, oriental, and 
melon flies. Insect damage to agricultural crops and domestic animals in the 
United States amounts to approximately $4 billion annually. 

139. We feel it is particularly important to realize that while the basic prin- 
ciples of isotope use have been known for about 25 years and we have made im- 
portant progress in certain areas of use, their broad application is, with limited 
exceptions, relatively unexploited. In recognition of the benefits which can 
acerue from widespread use of radioisotopes, the Commission, late in 1958, 
expanded its isotopes program to put isotopes to work more fully for man’s 
scientific and engineering progress. 

140. The Commission, under its expanded program to develop isotope princi- 
ples and technology, has established three objectives: First, to fill the gap be- 
tween basic and applied research in isotopes by carrying ont developmental 
research; second, to reduce the time lag between conception of a new principle 
and its practical application; and, third, to create a broad base of new and 
improved technology so that uses of radioisotopes and radiation in industry, 
in agriculture, in medicine, and in research can be extended and speeded up. 

141. The Commission sponsors work aimed at these objectives by a number of 
regional university centers, by private laboratories, by our own national labora- 
tories, and by a limited number of industrial organizations and other Govern- 
ment agencies. Usually, the Commission carries forward the work only to the 
point of demonstrating the feasibility of a new principle for using the isotope; 
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further development, such as engineering, becomes the responsibility of private 
industry. In special cases, the Commission may support development of a 
“proof of principle” working model. 
142. We have now had a year’s experience with the expanded isotopes pro- 
gram. Our emphasis has been placed upon developing technology—the tech- 
nology of using isotopes and of applying radiation to industrial processes, as 
well as upon improving methods of radioisotope production and preparation. 
This program is supported by the addition of training courses for industry. 

145. Much of the isotope technology we are studying will bear directly on 
problems of public concern, as in the areas of water resources, weather, air 
pollution, and industrial waste treatment and disposal. 

144. During the past year, we have entered into research and development 
contracts covering a wide range of technical projects. One example is a 
cooperative effort with the Weather Bureau to build an isotope-powered, un- 
manned weather station to continuously transmit weather information from 
remote locations. Weather data is a matter of universal interest and recently 
has become a common scientific meeting ground for all nations. The use of 
dependable, long-lived radioisotope power sources for unmanned weather sta- 
tions would make possible a major advance in the science of weather predic- 
tions. This would permit continuous collection of weather data from regions, 
such as the Arctic, where it was previously impossible. 

145. An investigation of importance to atmospheric pollution determinations 
involves development of an analyzer for detecting contaminants in concentra- 
tions as low as 10 parts per billion. Under present procedures, data collection 
and analysis are slow and expensive to obtain. Smog control groups have 
emphasized their need for automatic, sensitive analyzers that will permit quick 
collection of data and implementation of control procedures. Under the isotopes 
program, we are developing a unique analyzer using the fission product gas 
krypton-85 to measure directly the concentration of atmospheric contaminants 
such as sulfur dioxide and oxide. This principle would provide a tool that 
would assist control of this national problem. 

146. The discovery, development, and conservation of water resources is a 
matter of primary interest not only in the United States but in many parts of 
the world. Problems vary from those of the arid zones of the world where 
the emphasis is on exploration, to those of highly industrialized regions where 
water demand was overtaken a previously adequate supply. Radioisotopes 
offer unique tools for increased understanding of underground flow of water. 
and many more water resource factors such as rainfall, runoff, ground water 
recharge, and waste discharge. This, in turn, will provide better understanding 
of the effects of those factors on reservoir development, land use, flood control, 
and quality of water. We have been working closely with U.S. Geological 
Survey and other groups in carrying out a systematic study of how nuclear 
techniques may be used in solving water resources problems. 

147. The program on industrial process radiation aims at putting to work 
the energy of massive quantities—millions of curies—of ionizing radiation. 
Sources of such radiation are fission byproducts, reactor produced isotopes, 
and nuclear reactors. 

148. In this field, we are exploring a basic scientific problem—the inter- 
action of radiation and matter. Design of radiation sources for various 
specific processes is another broad area being worked out. Additionally, we 
will focus attention on processes including chemical, physical, and biological 
changes of potential industrial interest that might 


be induced by ionizing 
radiation. 


149. An example of the type of work which we are carrying out is initial 
research and development to establish the feasibility of producing chemicals 
with nuclear reactors—a reactor that might be described as a 


chemical fae- 
tory. 


For example, it has been demonstrated that when mixtures of nitrogen 
and oxygen—normal constituents of the atmosphere—are passed through the 
core of a reactor under certain conditions, nitric acid is produced. Production 
of other chemicals of importance in the national economy, and even new prod- 
ucts not now in existence, are among the possibilities. However, we are pres- 
ently only at the very earliest research threshold of developing nuclear reactors 
into producers of bulk chemicals. 

150. Massive quantities of radiation energy may also be a means of con- 
verting coal into valuable new chemicals, and accordingly develop new mar- 
kets for coal products. The Commission and the Bureau of Mines have there- 
fore entered into a cooperative agreement for conducting research and develop- 
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ment on beneficial radiation effects on coal and other natural resources. The 
‘Commission is providing a 100,000 curie cobalt-60 source for this project and 
will provide technical assistance. The Bureau of Mines is providing the 
necessary facilities and equipment and will carry out the experimental work. 
We believe this research may result in determining means of improving the 
utilization of the nation’s coal and other resources. 

151. Under the program for production and process development, radioiso- 
topes and radiation sources are produced in Commission facilities to meet the 
changing needs of advancing science and technology. In pricing of radiosotopes, 
our objectives are to provide reasonable compensation to the Government, 
stimulate private sources of isotope supply, and encourage research and de- 
velopment. 

152. During the year, the Commission substantially increased the quantities 
of tritium and krypton-85 for civilian use—1 million curies of tritium and 
100,000 curies of krypton. Studies performed during the year also have estab- 
lished the economic feasibility of producing radioisotopes in power reactors. 

153. To provide increased opportunities in isotope technology training, the 
Commission established a special industrial radioisotope course at Oak Ridge. 
During 1959, three 6-week courses were attended by 100 industrial scientists 
and engineers. Among other educational activities, 7 regional workshops on the 
industrial uses of radioisotopes were attended by more than 1,500 scientists 
and engineers. 

REGULATORY ACTIVITIES 


154. In all the Commission's regulatory activities, protection of public health 
and safety is paramount. Our aim is to provide such protection through simple 
and economical processes which impose a minimum burden upon those who are 
regulated. ; 

155. Many of the Commission’s regulatory activities were based upon plans 
necessarily developed in advance of practical experience. Based on growing 
experience, we have initiated steps to— 

(1) Realine our organization for regulatory activities ; 

(2) Clarify and simplify our regulatory procedures; and 

(3) Refine our safety and health criteria and standards, particularly 
those bearing upon construction and operation of the very large reactors, 
the power and test reactors. 

156. To improve our internal organization, the Commission’s regulatory pro- 
grams have been brought together under a new position of Assistant General 
Manager for Regulation and Safety. In filling this new post, the Commission 
obtained the services of Mr. William F. Finan, formerly Assistant Director for 
Management and Organization of the Bureau of the Budget. The units involved 
in the reorganization are the existing Division of Licensing and Regulation, and 
the recently formed Office of Health and Safety, which will develop health and 
safety standards. This Office is presently working with the States looking to 
the transfer to them, under Public Law 86-3873, of some regulatory duties. 

157. Direct inspection of licensees for compliance with regulations will be 
transferred from the Inspection Division and placed in a new Divison of Com- 
pliance under the Assistant General Manager for Regulation and Safety. The 
Inspection Division will, of course, retain its overall statutory responsibilities. 

158. The already heavy workload of the Advisory Committee on Reactor Safe- 
guards will undoubtedly will continue to grow. To enable the Committee to 
handle this workload, the Commission and the Advisory Committee on Reactor 
Safeguards are working together to simplify and strengthen working arrange- 
ments between the Committee and Commission staff. 

159. The steps we are taking to improve procedures are directed particularly 
toward licensing of large power and test reactors. Experience with our early 
regulations have proved them to be too general. They are silent on some points 
in which prospective licensees and the public need information. The Commission 
a few days ago published for public comment three proposed regulations modify- 
ing its reactor licensing policies and procedures. 

160. The first proposed change would define the point at which a permit for 
reactor construction must be obtained. It would allow component procurement, 
site acquisition, and clearance and excavation, but not the pouring of founda- 
tions, before issuance of a construction permit. 

161. The second proposed change in the regulations would clarify the require- 
ments to be met for issuance of construction permits recognizing, however, that 
most decisions shall be based on case-by-case considerations while the develop- 
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mental stage in reactor technology continues. Permits may be issued on a pro- 
visional basis if there is reasonable assurance that the proposed site is suitable 
from a safety standpoint for a reactor of the power level and general design 
concept proposed. This may be done, even though there remains to be performed 
research and development work on some design questions affecting safety, upon 
a showing that the applicant will conduct a research and development program 
on these questions. The applicant may apply at any time for an amendment 
to his permit granting approval of satisfactorily resolved design features. 

162. The third proposed amendment grows out of an experience with Dresden. 
It is designed to facilitate the conversion of a reactor construction permit to 
an operating license. Under the statute a final operating license cannot be 
issued until after the Commission makes a finding of completion of construction. 
In the normal course of reactor construction, the construction necessary for 
initial loading and testing is completed just prior to loading, and some construc- 
tion cannot be completed until after nuclear operational tests. Licensing pro- 
cedures and hearings at the loading stage would unduly delay startup of the 
plant. 

163. This proposed amendment provides for the issuance of a provisional 
operating license as much as 90 days in advance of scheduled startup so that 
the transition may be made from construction to operation without unnecessary 
delay while giving full emphasis on public health and safety. The provisional 
operating license will also facilitate the conversion from construction permit to 
operating license where features of the reactor make it desirable to obtain actual 
operating experience before issuance of an operating license for a period of years. 

164. Looking into the future, it seems clear to us that reasonably full attain- 
ment of the regulatory objectives of the Atomic Energy Act will require that 
the Commission issue regulations containing progressively comprehensive licens- 
ing criteria and standards to cover every aspect of atomic energy activities. 
Public understanding and broad acceptance of these criteria and standards will 
be vital to their success. 

165. Several years ago the Commission established detailed health and safety 
standards relating to permissible exposures to radiation. Based on revised 
recommendations of the National Committee on Radiation Protection and Meas- 
urement, the Commission some months ago issued for public comment proposed 
changes in its regulations. In view of the extensive public interest and numerous 
suggestions received, the period for public comment was twice extended, and 
further revisions are being made in the proposed amendments. 

166. Last February the Commission amended its regulations to provide a 
simplified licensing procedure applicable to the use of gaging, measuring, and 
controlling devices containing radioisotopes. It is the Commission’s experience 
that many of these devices can be designed so that they may be safely operated 
by persons not trained in radiation perfection. Under the amended regulation, 
the user does not have to apply for a specific license provided that suppliers 
obtain specific licenses authorizing the manufacture and distribution of the 
devices. 

167. Within the near future, the Commission expects to seek public comment 
on two proposed new regulations containing safety criteria, one covering the use 
of radioisotopes in radiographic operations, the other establishing standards for 
the shipment of irradiated fuel elements. 

168. In the field of power and test reactors, we published last summer a Notice 
of Proposed Rule Making to prescribe factors considered in site evaluation. The 
proposed regulations were the result of considerable staff study and consultation 
with the Advisory Committee on Reactor Safeguards. Comments and sugges- 
tions Were invited on the site factors, and on possible development of definitive 
site criteria, which might be incorporated in the Commission’s regulations. A 
substantial number of comments indicated that the guidance intended by the 
proposed regulation is desirable. Many stated, however, that quantitative site 
criteria should not be prescribed by regulation at this time because the reactor 
industry is new and the factors associated with siting too variable. 

169. The complexities of the problem of site criteria, and its interrelation with 
problems of design, containment, and operation, are becoming increasingly evi- 
dent, and our study of criteria on all the major aspects of reactor safety has 
recently been expanded. With the cooperation of the Advisory Committee on 
Reactor Safeguards, the Commission established a special working group, in 
Which experts from industrial organizations are participating, to examine the 
present status and future course in the program to develop detailed criteria and 
other tools useful in the safety evaluation of reactor projects. 
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CONTRACT ACTIVITIES 


170. During 1959 the contract activity of the Commission exceeded in terms 
of dollar volume of contract commitments every previous year except the peak 
year of facility expansion that followed the Korean emergency. 

171. In recognition of the important role of its contract program, the Com- 
mission late in 1959 established as part of the General Manager’s Office, the 
Office of Contract Policy. The Director of this new Office is John R. Moore, 
who brings to this post 9 years’ experience at our Oak Ridge Operations Office 
where he served both as principal contract negotiator and as Chairman of the 
Contractor Selection Board. 

172. The Office of Contract Policy consolidates review and formulation of 
contract policy. We look to this Office to provide a focal point for assistance to 
the General Manager, headquarters and field staff on major contract policy 
matters, such as contractor selection and tixed-fee schedules. Establishment of 
this Office will not impair the authority of program divisions and managers of 
operations to negotiate and administer contracts. 

173. Additional authority has been decentralized to the field in the reactor 
development program. Technical and contract administration responsibilities 
have been assigned to specific offices by reactor concept. For example, the Oak 
Ridge Operations Office has been assigned administration of the gas-cooled re- 
actors program as a primary responsibility. A related effort is to concentrate 
in a designated office responsibility for handling business matters relating to 
all Commission contractual activities with each major contractor. 

174. Increased use is being made of master or task-type contracts. Under 
such contracts, one set of general terms or conditions applies uniformly to all 
Commission work placed with a company. Greater administrative efficiency 
is expected to result from these changes. 

175. Further the Commission modified its policies to permit Managers of 
Operations to submit directly to the Comptroller General of the United States 
any cases arising from mistakes in bids prior to awards. We have modified 
our policies to permit Managers of Operations, without referral to headquarters, 
to make awards to small business concerns or contractors who will perform work 
in surplus labor areas at a differential of up to 12 percent over a low foreign 
bid. 

176. During the year the Commission worked out with the Administrator of 
General Services the relationship of the recently issued Federal Procurement 
Regulations to the procurement authority contained in the Atomie Energy 
Act. It has been agreed that these regulations do not impair any authority con- 
tained in the Atomic Energy Act. The Commission will follow the regulations 
in all areas, except those in which the special nature of our programs require 
otherwise. In addition, essentially all AEC procurement policy will be pub- 
lished in the Federal Register. 

177. As reported to the Joint Committee during the last session, appeals 
arising under “disputes” articles of contracts now are heard by a_ single 
hearing examiner instead of by the Advisry Board of Contract Appeals. Our 
experience indicates that the delays which have occurred have resulted pri- 
marily from the request of parties, not from the procedure. The time required 
for rendering a decision, after submission of briefs, has been cut to approximate- 
ly 4 to 6 weeks from an average of 18 months under the Advisory Board System. 

178. The Commission, on December 29, 1959, published in the Federal Regis- 
ter a complete revision of its rules of procedure governing contract appeals. 
This revision constitutes a practical formalization of the rules to insure 
that the issues of dispute are clearly defined, and to insure that all relevant 
evidence is made available. The latter is accomplished by providing for the use 
of subpenas and, where necessary, the use of the discovery process, such as 
taking of prehearing depositions. 

179. Indemnifications under the Price-Anderson Act now has been extended 
to all major AEC installations where a substantial nuclear hazard is present. 
Commission licensees are steadily qualifying for coverage under the act under 
the procedures that have been established. We have now extended coverage 
to common rail carriers hauling Commission materials. A detailed report on 
this subject will be submitted to this committee by April 1, as required by the 
Price-Anderson Act. 
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180. Abroad, the Organization for European Cooperation, the International 
Atomic Energy Agency, and the European Atomic Energy Community, all are 
working toward conventions to cover public liability. 

181. I mentioned last year that the Commission and the Department of 
Defense were Seeking closer agreement on cost-reimbursement principles in 
view of the large number of contractors holding cost-type contracts with both 
agencies, 

IS2. We are in genera] agreement; but there are three specific areas in which 
our policies will continue to to be somewhat different. These are (1) advertis- 
ing, (2) bidding expenses, and (3) bonuses of a profit-sharing nature. Our 
basic reasons for continuing to hold these costs unallowable is that they are 
not, in our judgment, related closely enough to the performance of the contract 
work. 

183. The Commission has modified its policy on depreciation to make allowable 
imounts recognized as deductible for tax purposes by the 1954 Internal Revenue 
Code. Treatment of privately financed basic research as an allowable cost 
is being given further study by the ¢ ‘ommission. 

184. We are continuing our vigorous support of our established policy that a 
fair proportion of total purchases and contracts for Commission programs 
shall be procured from small-business concerns. 

185. Opportunity for the small business participation in prime contracts is not 
great, since an extremely large dollar volume of these commitments is for the 
management and operation of Commission-owned production facilities and labo- 
ratories. Because of the magnitude of these operations, small business is not 
able to participate to a significant extent. 

186. However, our prime contractors work actively to use small business for 
subcontracting in various w ays. Typical of the methods used are: 

1. Publicizing and explaining purchase requirements at industria] oppor- 
tunity meetings Sponsored by the Small Business Administration and others; 

2. Grouping of items in invitations to bid as to both category and quantity 
to afford small business maximum opportunity to compete; and 

3. Working with the Small Business Administration to assure inclusion 
on bidders’ lists of a maximum number of qualified small-business firms. 

IST. Small business received an increased share of the total dollar value of 
Commission subcontract awards during the fiseal year ended June 30, 1959: 
totaling $220.5 million or 41.6 percent of $530.3 million total subcontract 
awards. By comparison. the small-business share the previous 12 months was 
39.3 percent and for the v-year period, 1951-59, the average share was 38.7 
percent. At the prime contract level. the small-business share increased 18 
percent. Total prime contract awards fo small business amounted to $144.5 
million for fisea] 1959, compared with $102.8 million for 1958, and an average 
Of $78.5 million for the 9-year period 1951-59. 


PATENTS 


Iss. A number of amendments to the Atomic Energy Act affe: ting patents in 
the atomic energy field were proposed at the last session of the Congress. Con- 
kress extended section 153h of the Atomic Energy Act, permitting compulsory 
licensing of patent applications filed up to and including September 1, 1964. The 
Commission’s conclusions and recommendations concerning the pending amend- 
ments, resulting from a review of its patent policies, were presented to this com- 
mittee in April 1959. 

189. We have recently had the experience of a large company in the heat 
exchanger business refusing to continue on a job for us at Argonne National 
Laboratory. They stated that the Commission's strict construction of section 152 
pertaining to patent rights on work done “in connection with” awny contract with 
the Commission was burdensome to the point that they could not afford to do 
the job. The pending amendments would eliminate this type of problem. 

190. In the field of patents generally, we have been conferring with industry 
with respect to some complaints that we have been somewhat overreaching in 
acquiring rights in private hackground patents. We recognize that we should 
not insist upon such rights unless we have a need for them to carry out the 
purposes of the act. We also recognize that background rights to patents 





148 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


acquired at private expense must not be taken from the private owner without 
some form of compensation—either as royalties or in the form of direct or 
indirect benefits to the owner under the contract. 

191. The reason for obtaining background patent rights, of course, is to 
insure that the fruits of atomic energy research and development financed by 
public funds can be made available to American industry. 


FUEL SUPPLY 


192. The Commission’s receipts of uranium concentrates from all sources 
under its various domestic and foreign arrangements, as projected over the 
next 3 years, exceed the Nation’s estimated requirements to meet its weapons 
and power programs. The Commission has continued its efforts to bring supplies 
closer to a balance with requirements by arranging for deferred delivery of 
domestic and Canadian concentrates. 

193. The Commission’s contracts provide for a firm schedule of deliveries 
within the time period covered by each contract. We are not reneging on those 
contracts. In the United States, we are negotiating with producers to arrange 
postponement to the 1962-66 period of portions of deliveries scheduled for 
1960-62. In some cases this involved deferrals under contracts that already 
extend to 1966; in other cases, deferrals are being arranged in negotiated re- 
newals of contracts that would expire at a date earlier than 1966. These 
negotiations do not reduce the quantities of ore the mills buy from independent 
ore producers, but result in limiting production in the pre-1962 period of cores 
owned or controlled by the milling companies. 

194. The Canadian contracts also eall for a firm schedule of deliveries. They 
are due to expire in 1962 and 1968, and provide options under which the 
Commission may renew the contracts for additional periods of time. We have 
notified the Canadian Government that we would not exercise any of these 
options. The Commission and the Canadian Government reached an agree- 
ment which permits postponing some deliveries presently scheduled before 
1962 or 1963 to a period beyond the expiration date of existing contracts: 
that is, in the 1962-66 period. The total to be delivered over the longer period 
will not exceed the amount scheduled under the original contracts. 

195. In keeping with its limited domestic expansion program announced 
April 2, 1958, of providing an ore market in certain areas which had reserves, 
but had inadequate market, agreements were reached in 1959 for an additional 
1,560-tons-per-day capacity for the central Wyoming area and the installation of 
a 200-ton-per-day mill in the Colorado Front Range. Further additions in 
these areas are not presently contemplated. 

196. No agreements have been reached for southeast Texas, Nevada, and North 
Dakota-South Dakota lignite areas. 

197. Other aspects of the Commission’s raw material program are covered in 
detail in the Commission’s annual report. 


CONCLUSION 


198. Mr. Chairman, members of the committee, this concludes the Atomic 
Energy Commission’s statement. Our written submission supplements our 
testimony. 

199. We will be pleased to present any additional information the committee 
may wish. My colleagues on the Commission, the General Manager, and our 
principal staff are here to assist you. 


(The exchange of correspondence referred to on p. 2 follows :) 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C., February 26, 1960. 
Gen. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, Washington, D.C. 
DEAR GENERAL LUEDECKE: This will confirm Senator Anderson’s request that 

the Commission provide written answers for the record to the four questions 
and comments set forth in his opening statements on February 16 at the 202 
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hearings on the state of the atomic industry. A copy of this statement is 
attached. 

With respect to No. 3, relating to the cost of the program, arrangements have 
been made, as you know, with the Commission staff to obtain a more detailed 
explanation and comparison of the costs of the projected 10-year program. 

In addition to these four matters, it would also be helpful for the Commis- 
sion to provide answers to the following additional questions which arose dur- 
ing the hearings: 

1. Would it be feasible and reasonable to move up the schedule of certain 
prototype and commercial-size plants in the projected 10-year program? It is 
noted that in some cases more than 1 year’s operation is assumed before design 
of the next plant is contemplated for that particular concept. Would it not be 
possible to proceed with design of the next plant at about the time that re- 
search results begin coming in during the first year of operation? What effect 
would this have on your schedule? What general increases in cost, if any, 
would this entail? 

2. Despite Commission comments to the contrary, most of the technical press 
have interpreted the AEC 10-year program to mean that greater emphasis will 
be given to the development, and particularly the hardware aspects, of the al- 
ready established reactor concepts ; namely, pressurized water, boiling water, and 
organic reactors. Please indicate the relative emphasis being given to these 
concepts in relation to the other less developed concepts. 

3. It has been claimed that the Commission’s 10-year program does not pro- 
vide adequate emphasis for the development of economic small- and medium-size 
atomic power plants. Please prepare a statement on this question. 

It would be appreciated if we could have the statements by March 5. 

Sincerely yours, 
JAMES T. RAMEY, Executive Director. 





U.S. ATOMIC ENERGY COMMISSION, 


Washington, D.C., March 7, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON: This is in answer to Mr. Ramey’s letter of February 
~6, 1960, to the General Manager, requesting replies to four questions raised in 
your opening statement at the 202 hearings, and to three additional questions 
set forth in the February 26 letter. 

1. Question. There is a big gap in prototype construction with no starts from 
now until fiscal 1962. What is going to happen to our atomic equipment industry 
during this 214-year period? 

Answer. The development of a reactor concept to the power reactor stage is 
best accomplished by an orderly progression of technology—research and de- 
velopment; design, construction, and operation of one or more reactor experi- 
ments ; design, construction, and operation of an experimental reactor plant; and 
design, construction, and operation of a prototype plant. Since the evolution of 
the program now has led to the stage of initiating construction of several proto- 
types and we are yet to gain operating data from these plants, it is logical that 
there will be periods of time during which no new prototype construction projects 
will be initiated. 

However, the atomic equipment companies will be delivering equipment to the 
present AEC projects, including those in the national laboratories, and, we hope, 
to privately financed projects. The programs in the nuclear technology field and 
the series of proposed reactor experiments will also provide a substantial market 
for these services and equipment. Commencement of civilian prototype projects 
is not the only index of health or activity on the part of the industry. 

We believe that it is important to have a planned, orderly program for the 
development of power reactors with the design of each new prototype soundly 
based on the results of the research and development and the operating experi- 
ence gained from the reactors which preceded it. 
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2. Question. What effect will the failure of the Euratom program have upon 
the domestic atomic equipment industry? Should consideration be given to 
allotting to our domestic program some of the funds which would have come into 
the international program? 

Answer. The lack of firm proposals under the joint U.S.-Euratom program 
for construction, by the end of 1963, of power reactors, other than the Senn 
project, is disappointing to us and to the U.S.-Euratom industry. The Euratom 
program, however, was never advanced or justified as a substitute for the U.S. 
domestic program: it was considered, rather, as a useful bonus to the domestic 
industry. Furthermore, you are well aware that the many licensing and other 
cooperative arrangements entered into by U.S. industry with European firms 
since the inception of the program undoubtedly would have led to much of the 
physical work being done in European factories. 

Aside from the loss of possible business, the expected experience which would 
have resulted from the design engineering, fabrication, construction, and opera- 
tion of the plants which would have been built will not be realized. This ex- 
perience, while not an essential part of the U.S. development program, would 
have been useful as a supplement to that being obtained in the United States. 

Of the incentives involving the expenditure of U.S. funds provided under the 
joint U.S.-Euratom program, the one which first comes to mind for possible 
application to the domestic program in the joint research and development 
program. However, at the time the Commission formulated its 10-year pro- 
gram for civilian reactor development, the fact that the scale of Euratom re- 
actor program would be reduced was known, and due consideration was given to 
this factor in planning the domestic program. The domestic program, as 
planned, is considered to be a sound and orderly means for achieving its objec- 
tives. Sufficient funds have been and will continue to be requested to assure 
that the objectives of the domestic program are met in a timely, logical manner. 

In formulating future cooperation with Euratom as well as with other foreign 
groups, we will continue to plan these programs in light of the domestic re- 
search and development effort. 

3. Question. <A brief paragraph on the cost of the program is presented at 
the end of the Commission’s statement on the civilian power program. The 
Joint Committee on Atomic Energy has requested a more detailed explanation of 
the cost. In the past the provisions of the cost projections have been extremely 
difficult to work out. 

Answer. Arrangements have been made for the AEC staff to discuss this 
further with the Joint Committee on Atomic Energy during the week of March 
7, 1960. 

4. Question. What measures do you recommend to expedite our schedule on 
atomic projects? You publicly called attention to this problem and contrasted 
our method with the Russians. 

Answer. While we should reconsider some of our methods, this does not 
imply that we can or should use the same methods used by the Russians. We 
must be certain, however, that within our structure we do things as expeditiously 
as possible. 

Within the Commission we have been working on this problem and there are 
indications of progress. Our forward planning in the reactor development field 
is now more complete than in the past, and this fact will permit a faster start 
on authorized projects. We have established a system of top-level reviews 
by the Commission itself of the schedules for various steps of a project and, in 
turn, of the performance against these schedules. The beneficial effects of these 
steps is already being felt in part, but will be felt to even greater degree as 
the program proceeds 

The change resulting from our more complete forward planning is most 
significant. When the cooperative power program began, the initiative was 
with industry. AEC received proposals conceived by industry and then tried 
to fit them into an overall program or build an overall program around them. 
We now determine in advance the type of work we want to support and then 
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seek a cooperative venture for a particular project when that is the appropriate 
coure to follow. In so doing, in most cases, we are explicit about our resolve 
to complete the project and have full intention of proceeding on our own if 
cooperative projects do not prove practicable. This gives us an entirely differ- 
ent approach to the timing and scheduling of development work for the specific 
job or even of the design work, for example, on both of which we can proceed 
in advance of the cooperative arrangement if necessary to avoid delaying the 
project itself. This also makes it possible to incorporate draft contract terms 
in the invitations and reduce to some extent the time required to negotiate 
contractual agreements after the selection has been made. 

sSeyond these significant changes in approach, which are affecting and will 
continue to affect our ability to expedite schedules on particular projects, much 
further improvement is being achieved by identifying on a case-by-case basic 
specific items which are proving to be bottlenecks, taking steps to eliminate 
those bottlenecks for the particular project and adjusting our planning and 
scheduling for other projects accordingly. In this connection, we have had good 
cooperation from the staff of the Joint Committee when this process raised 
questions of interpretation of the rules under which the cooperative programs 
have been conducted and which were originally developed when our approach 
to cooperative projects Was somewhat different. To date, we have found no 
need for a wholesale revision of the rules established for cooperative programs 
since many of the changes we can accomplish within our own internal AEC 
structure; others will require continued discussions on a case-by-case basis with 
the committee or its staff. 

>. Question. Would it be feasible and reasonable to move up the schedule 
of certain prototype and commercial-size plants in the projected 10-year program ? 
It is noted that in some cases more than 1 year’s operation is assumed before 
design of the next plant is contemplated for that particular concept. Would it 
not be possible to proceed with design of the next plant at about the time 
that research results begin coming in during the first year of operation? What 
effect would this have on your schedule? What general increase in cost, if any, 
would this entail? 

Answer. In planning a program for the development of nuclear power for 
the next 10 years we attempted to exercise our best judgment as to the time 
required for the various steps in developing each reactor concept. For a proto- 
type to give useful information it should be constructed only after all of the 
necessary research and development is completed or can be projected to com- 
pletion. Therefore, acceleration of the construction of a prototype to a point 
where the necessary research and development is not yet available would negate 
much of its usefulness. 

The 10-year program as presented is a programmatic sequence of technical 
events and is not intended to be a series of construction schedules. It was 
necessary, in conducting this study, to project time intervals for each of the 
events, including prototype construction, although it was recognized that the in- 
tervals may vary with individual concepts and with the rate of progress of each 
program, 

To the extent that projections of this nature have a margin of error, there 
may be eases in which these estimates have been pessimistic: when the results 
of the research and development program show this to be the case, we can and 
will accelerate the schedule. There also probably will be cases in which our 
estimates prove to have been overly optimistic and, therefore, some delays in 
the initiation of prototype construction may prove inevitable. 

6. Question. Despite Commission comments to the contrary, most of the tech- 
nical press have interpreted the AEC 10-year program to mean that greater 
emphasis will be given to the development, and particularly the hardware 
aspects, of the already established reactor concepts: namely, pressurized water, 
boiling water, and organic reactors. Please indicate the relative emphasis 
being given to these concepts in relation to the other less developed concepts. 
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Answer. The following table gives the estimated cost of the civilian power 
reactor program with tentative allocation to research and development and 
prototypes with a preliminary distribution by concepts: 


Estimated cost of civilian power reactor program for period 1961-69, as outlined 
in Part IV, with tentative allocation to research and development and proto- 
types and preliminary distribution by concepts 


[In millions of dollars] 


Research Prototypes | 
and : - | Total 
development 
Number Amount 
Nuclear technology 
General researt 


Support facilities 


Total nuclea 


Pressurized water 
Boiling water 
Nuclear superheat 
Organic cooled - 


Subtotal light water 


Sodium cooled, fast 

Sodium cooled, therma 

Gas cooled, enriched 

Heavy water. : ; 

Aqueous homogeneous—rt irch and de 
velopment . 

1. Reactor experiment 

New concepts—research and development 

5 experimental reactors 


Subtotal—other concepts 
Total—reactor development by concepts 
Grand total 365 11,710 


1 Minimum cost to meet objectives of program. Does not attempt to forecast distribution of this cost 
between Government and industry 


Does not include cost of projects currently authorized or cost of research and development, additional 
prototypes or full scale plants which may be initiated by private industry. 

Distribution by concepts is a planning estimate, and actual cost may be more or less for any particular 
concept 


Annual cost may be higher or lower than the average of $200 million per year. 


This table indicates that during the 10-year period the number of prototypes 
for the longer range concepts will be the same as the number of prototypes for 
the concepts which are in a more advanced state of development. The proposed 
distribution of funds shows a considerably larger overall effort on the longer 
range concepts, particularly when the proposed costs for nuclear technology are 
added, since the primary emphasis in nuclear technology is applicable to longer 
range concepts. 

It should be recognized that during the early years of the 10-year period, the 
emphasis in the water and organic reactor concepts will be on uardware since 
our knowledge of these systems is such that a program of carefully planned pro- 
totype construction and operation can be reasonably expected to meet the objec- 
tive of economic nuclear power in certain high cost areas in the United States in 
the relatively near future. The primary emphasis on the longer range concepts 
over the next few years is on research and development programs which will 
give us the information needed to bring these concepts to the point where exten- 
sive construction is justified to meet the longer range objective of achievement 
of economic nuclear power over broader areas of the United States. 

7. Question. It has been claimed that the Commission’s 10-year program does 
not provide adequate emphasis for the development of economic small and 
medium size atomic powerplants. 

Answer. The development of technology must be distinguished from the engi- 
neering task of adapting technology to a particular size of plant, whether it be 
large or small. Our primary aim is to develop nuclear power technology to the 
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point where it is competitive with the technology used for powerplants utilizing 
fossil fuels in both large and small plants, and a large fraction of the effort out- 
lined in our 10-year program will be equally applicable to small as well as to 
large plants. Then the technology can be adapted to particular plant size re- 
quirements. 


In addition to the general work, and to the prototype construction program, we 
now have four small powerplants in the final planning or construction stage 
which will demonstrate the adaptability to small plants of present technology 
in the boiling water, pressurized water and organic systems. These are the Elk 
River Plant (using the boiling-water system with a conventional superheater), 
the Bonus project (also utilizing a boiling-water reactor but with a nuclear 
superheater), the Small Size Nuclear Powerplant (which will use pressurized 
water technology) and the Piqua Plant (incorporating the organic system). As 
we pointed out in our 10-year program presentation, we propose a continuing 
effort in this field, and we anticipate that during the next few years several 
additional small reactor demonstration units will be constructed. 


We will be glad to discuss these questions with you further during the author- 
ization hearings or at such other time as you may desire. 
Sincerely yours, 
(S) Joun F. Frosere, Acting Chairman. 
(Whereupon, at 5:20 p.m., Wednesday, February 17, 1960, the com- 
mittee adjourned until 2 p.m., Thursday, February 18, 1960.) 


§2950—60———11 
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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 


THURSDAY, FEBRUARY 18, 1960 


Coneress OF THE UNITep StaTEs, 
Jornt Commirrer on Atomic ENERey, 
Washington, D.C. 

The committee met, pursuant to recess, at 2 p.m in room P-63, the 
Capitol, Senator Clinton P. Anderson (chairms.. »f the Joint Com- 
mittee) presiding. 

Present: Senators Anderson and Aiken; Representatives Holifield, 
Price, Aspinall, Van Zandt, and Hosmer. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director; David R. Toll, staff counsel; and George F. 
Murphy Jr., professional staff member. 

Chairman ANnperson. The committee will come to order. 

This afternoon the Joint Committee is meeting to receive testimony 
from witnesses from industry on the development, growth, and state 
of the atomic energy industry. 

Our first. witness today is Mr. Frank McCune, of the General Elec- 
tric Co. We are happy to have you with us again, Mr. McCune. 

Will you please proceed ? 


STATEMENT OF FRANCIS K. McCUNE, VICE PRESIDENT, GENERAL 
ELECTRIC CO. 


Mr. McCune. Senator Anderson, my name is Frank McCune, repre- 
senting the General Electric Co. I have with me Mr. William Ken- 
nedy, who is counsel for the company’s Atomic Products Division. 
I have a written statement. Shall I proceed to read it? 

Chairman Anperson. Will you proceed, please ? 

Mr. McCung. It is a pleasure to respond again to your invitation 
to testify in the annual 202 hearings. 

I would like to introduce my statement today with a brief descrip- 
tion of cur existing projects, with a word about our marketing efforts. 
The past 18 months have been technically the most productive in the 
history of our commercial atomic energy ventures. 


DOMESTIC PROJECTS—DRESDEN 


Construction of the world’s largest single-unit, all nuclear power 
plant, the Dresden station, exhibit 1, was completed ahead of schedule 
and initial criticality was achieved on October 15, 1959. The start- 
up program has gone very well, with all nuclear results extremely 
close to our original calculations. . 

Dresden is the first large boiling-water reactor and the first de- 
signed and constructed in the United States with close attention to the 
principle of economic power generation. We expect to learn a great 
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deal from its startup and initial operation. Much valuable technical 
information is more readily obtainable at this time than after the 
reactor has been placed in full operation. 

For this reason, we have planned an extensive period of critical 
testing and initial operation prior to the commencement of regular 
power operation. Among the points that we are very interested in is 
how much the plant may have been overdesigned for such things as 
stability, automatic shutdowns, and environmental radiation lev els. 

Testing was held up briefly by mechanical difficulties with the con- 
nection between the control rods and the drive mechanism, but these 
have been corrected without any major design modifications, and tests 
are proceeding toward full core loading. The results to date demon- 
strate continuous compliance with safety criteria and with AEC oper- 
ating license requirements. 

I might say we have completed two complete sets of critical tests 
since that time, and presently the reactor has 256 fuel elements in it 
and is still performing exactly in accordance with calculations. 

Representative Van Zanpr. Mr. McCune, for how long a period was 
the plant shut down ? 

Mr. McCune. It has been out of actual testing around 6 weeks. 

Representative Van Zanpr. It was really not a mechanical failure. 
It was just a correction which had to be made? 

Mr. McCune. That is correct. 

Representative Van Zanpt. The need of this correction developed 
from experience ? 

Mr. McCune. It is the kind of thing that we wish we had found 
first, but we did not. It is one of the first few things we have found 
that we did not catch first. 

Chairman Anperson. I do not quite understand the answer that it 
was not a mechanical failure. I thought these were some sort of pins 
that held control rods that broke. That was not theoretical, was it? 

Mr. McCune. Let me go further into it. 

Chairman Anprerson. I have expressed myself on the reactor in 
Chicago many times, that I am heartily, enthusiastically in favor of it. 

Mr. McCune. It was a failure in the connection between the control 
drives and the control rod itself. The connection there is a pin which 
is designed so that if anything should stick in getting the control 
rods off, say, in a future maintenance operation, this pin is the place 
where it would shear off or come apart. 

That pin was not strong enough and had to be replaced with a 
stronger connection. Actually, the stress on the pin was caused prin- 
cipally by variation in tolerances of the couplings, which is the thing 
you adjust while you assemble the reactor. That is an ov ersimplified 
statement, but it is pretty close to the story. 

Chairman Anperson. Had the safeguards committee called atten- 
tion to this possibility earlier? 

Mr. McCune. This has never affected the safety of the reactor. It 
would not affect it. 

Chairman Anperson. I was not worrying about it. I was merely 
asking had the safeguards committee called attention to this? 

Mr. McCune. Not to my knowledge; no. 





1In hearings on Apr. 27, 1960, the Chairman and Vice Chairman of the Advisory 
Committee on Reactor Safeg uards indicated that the ACRS had informed the AEC, at 
least, in the spring of 1959 of problems with respect to control rods in this reactor. 
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Representative Van Zanpr. What about the cladding of the fuel 
elements ? 

Mr. McCune. That has never held up the reactor. 

Representative VAN Zanpr. In other words, that was more for per- 
fection than anything else, was it not ‘ 

Mr. McCune. That is right. 

Representative VAN Zanpr. There was no failure there whatsoever / 

Mr. McCune. No. As a matter of fact, the fuel elements in the 
Dresden reactor have never been up to power rand they could not have 

failed. But in the process of examining and testing all of the fuel 
rods which we had in the little Vallecitos reactor, we developed a bet- 
ter test. When we applied this to some of the tubing we found that 
there were cracks in the tubing which we had not been able to find 
with any other test. Since the tubing we had on hand had some of 
these cracks, we estimated the tubing we already put in probably had 
some so we took them back and went over the whole kit and kaboodle. 

When these critical tests are complete, the reactor vessel head will 
be installed and the plant gradually brought up to power, with care- 
ful testing along the way. The contract schedule calls for regular 
operation by December 8, 1960. As of the moment, we are substan- 
tially ahead of this contract schedule. 

One of our major technical questions involves the optimum cladding 
for fuel elements. We have selected zirconium for the first Dresden 
load because of its attractive neutron economy. Simultaneously, we 
have conducted development programs on stainless- steel-clad elements. 
We plan to obtain information on both zirconium and stainless-steel- 
clad fuel. 

Based on the knowledge obtained from the operation of the Dresden 
reactor and our continuing development programs, we expect to de- 
velop advanced fuel designs. 

Because of the great interest which has been expressed in the 
progress of the Dresden reactor, we are planning to issue periodic 
reports describing technical and operating progress. 

It is interesting to note that at the conclusion of Professor Aleksan- 
drov’s visit last ‘November, he is reliably reported to have said that 
they only wished that they had a plant just like the Dresden plant in 
the Soviet Union. 

BIG ROCK PLANT 


Negotiations with Consumer Power Co. and the Commission are 
still being carried out. Design work has been underway since Decem- 
ber in anticipation of confirmation of contracts. 


HUMBOLDT BAY 


With regard to the Humboldt Bay station for Pacific Gas & Elec- 
tric, our customer allowed sufficient time for development work, par- 
ticularly with respect to containment and major progress has been 
made. ‘Total station design is 25 percent complete, with the General 
Electric portion 50 percent complete. Orders have been placed for 
limiting components and the plant is proceeding as originally planned. 


FOREIGN PROJECTS—RWE 


The reactor which we are supplying to RWE, a large German power 
company, is well along, as indicated by exhibit 2. Civil construction 
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is about 90 percent complete and equipment installations about 40 
percent. Startup is scheduled for the summer, continuing into the 
fall. The schedule date for regular operation is December 1960. 

Senator Arken. May I inquire there, this plant is to be privately 
operated after completion ? 

Mr. McCune. Yes. 

Senator ArkeN. How is the cost of the plant divided? Who is 
paying for it? 

Mr. McCune. RWE Co. in Germany. 

Senator ArKen. Is it a private installation? Do they get any 
public funds from Germany ? 

Mr. McCunr. I cannot answer that. 

Senator ArKEN. I beg your pardon ? 

Mr. McCune. Ido not know. I do not believe they do. 

Senator Arken. How is it located in Germany? What would its 
competition be? 

Mr. McCune. It is located in the east-central portion of West 
Germany. 

Senator ArkKen. Is it near conventional plants that it will compete 
with? 

Mr. McCune. This isa small reactor plant. 

Senator ArkEN. What capacity is it? 

Mr. McCune. 12,500 kilowatts. 

Senator Arken. And it is considered feasible and competitive ? 

Mr. McCune. No. This is a plant which this power company de- 
cided to purchase in order to get going on their own atomic energy 
program and to learn about atomic energy plants. 

Senator Arken. But it is a privately purchased and operated plant. 

Mr. McCune. That is right. 

Senator AtKken. That is all. 

Mr. McCune. Senn—The Senn project in Italy is on schedule. 
Exhibit 3 shows the actual state of construction. The date for com- 
pletion of this project is October 31, 1963. 

Representative Van Zanpr. Mr. McCune, may we go back to the 
RWE reactor? What kind of arrangements do you have with those 
people concerning safety and so forth? 

Mr. McCune. Iam glad you brought that up. 

The Germans, as you know, have just passed a basic atomic energy 
act. It covers such matters as liability protection, I believe inspec- 
tion. 

As we sit here this moment, we are waiting for the translation or we 
are obtaining a translation of the German act from our German 
counsel in terms which our lawyers can understand in connection with 
our law to see how this act applies. 

But both sides on this job went ahead on the basis that this kind 
of a situation would be straightened out, and our contract calls for 
us not to ship the fuel unless it is. 

Senator A1iKEN. I was just wondering what is the estimated cost of 
production in this plant. 

Mr. McCune. Power cost? 

Senator ArkEeNn. Yes. 

Mr. McCune. I could not tell you. 


Senator Arken. You do not know how it will compare with the 
conventional plant? 
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Mr. McCune. This particular RWE plant, without any question, 
will be more expensive than a conventional plant because this is a 
12,500-kilowatt plant, and I would guess that RWE, which is the 
largest power company in Germany, I believe, must have at least 
100,000- or 200,000-kilowatt conventionals on the lines. 

Senator Arken. Would General Electric at the same price install 
the 12,500-kilowatt plant there as in the States, or can you install it 
cheaper in Germany / 

Mr. McCune. I am not answering you because I do not know 
exactly. In this particular station, the prime contractor is a German 
company which is doing the civil engineering and so forth and ob- 
taining the nuclear equipment from us for the RWE plant. 

I think it is a fair statement that we consider the prices which we 
got on the equipment as a good commercial venture. 

Senator Aiken. Was the equipment required for this plant sent 
over from the United States or was it produced in some of your plants 
over there? 

Mr. McCune. The nuclear equipment for this plant was produced 
in this country. I am not sure but what the pressure vessel was 
probably produced in Germany, because it would be foolish to ship 
such a thing across. I am certain of that. 

Senator Arken. The nuclear equipment was produced in this coun- 
try and shipped. 

Mr. McCune. That is right. 

Senator Arken. That is all. 

Mr. McCune. As to the future, we have made a number of proposals 
for both large and prototype stations. We are sure that the cus- 
tomers in these cases are interested, and jointly we have spent and are 
spending substantial sums for this proposition work. 

Obviously, we do not know whether these negotiations will result 
in orders for General Electric, but I want you to know that from our 
viewpoint we are confident of the future. Our board of directors has 
approved the investment of another $2 million to provide improved 
facilities both at our Vallecitos laboratory and our San Jose plant. 

Representative Van Zanpr. What percentage of the time are the 
facilities at Vallecitos being employed either by Government or non- 
Government ¢ 

Mr. McCune. At the moment, as I will point out later, Vallecitos is 
being remodeled to make it even more useful for work such as train- 
ing and superheat tests. As a matter of fact, we are putting another 
million dollars of our money into that reactor for a whole advanced 
program. So it is not being employed for anything at the moment 
except for the remodeling, so it will be even more useful. It has 
been available, I believe, over the past some months approximately 80 
percent or more, even thought it is an experimental program. 

Representative Van Zanpr. Does that mean it was being used only 
20 percent of capacity ? 

Mr. McCune. No. I was talking of availability, how many hours 
it has run in a given period of time. As far as the capacity is con- 
cerned, the capacity of the reactor at Vallecitos is much greater than 
the capacity of the turbines which are installed there. The turbine 
is good for about 5,000 kilowatts. The reactor can produce much 
more steam than that, and that steam is put through a cooling tower 





an 


tu 


in 





n, 


Cc 


he 


ist 


all 
it 


Ww 
an 
»b- 


we 


ant 
nts 


ced 
vas 
hip 


un- 


ours 

con- 
than 
bine 
nuch 
ower 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 163 


and condensed and lost, because as we have increased the rating of 
the reactor substantially we have not seen any reason to put in more 
turbines to use the steam. 

Representative Van Zanpr. Could we go back to the Senn reactor 
in Italy ¢ 

Mr. McCune. Yes. 

Representative Van Zanpr. Will you give us an explanation how 
you are dealing with the safety requirements? 

Mr. McCune. I am going to give you a statement on this thing. 
One of the most difficult situations with regard to foreign contracts 1s 
exactly what you save said. I have pointed this out from time to 
time. An American manufacturer quoting abroad today has an op- 
tion, for example, to say that the customer will be responsible for 
any safety considerations. This he will not do because he knows 
nothing about the nuclear thing. You can say that we would be re- 
sponsible for anything. That would certainly be putting our neck in 
a noose. One can say we will design this to standards ace eptable in 
the United States. his is essentially what we are saying, but I 
must admit one will never be able to prove it because the only way 
one can find what criteria are acceptable in the United States is to 
have a reactor ready to build in the United States. It will not be 
until there is a liability system and a regulatory system established in 
Kurope that that framework will have caught up with the technical 
situation. ‘This needs doing. In order for this to come about we 
desperately need that OEEC and Euratom drafts and regulations be 
processed. The staffs of these organizations have prepared good ma- 
terial, but the nations themselves, to the best of my knowledge, have 
not approved any of them. 

Representative Van Zanpr. Has any group entered into a conven- 
tion for the purpose of considering the first draft ? 

Mr. McCune. It is my recollection that the drafts were presented 
in December. You correct me if I am wrong, Mr. Kennedy. The 
drafts were last considered in December. At that time they were 
considered by the government representatives of the member states. 
These government ‘Tepresentatives being those men who oe their 
instructions from their national government, and vote. I don’t know 
how to put this, but at that time the drafts were not approved nor was 
anything else agreed to, to the best of my knowledge. 

Representative Van Zanvr. Probably you could call it a prelimi- 
nary approach. 

Mr. McCune. As I pointed out, and as I know you agree, the actual 
getting together of a large number of nations on a ‘problem of this kind 
is time consuming. 

Representative Hosmer. If the gentleman would yield, you went 
into this matter rather thoroughly in the hearings last year. I am 
just wondering if the experience in this intervening year indicates 
that some settlement is coming along at about the pace you anticipated 
last year, or a little slower or faster. 

Mr. McCune. Speaking as an individual, I had hopes that this 
December meeting would be productive of agr reement which, of course, 
would have to go back to the member nations for ratification and 
implementation. So to that extent I am a little bit disappointed. 
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Representative Hosmer. With relation to our expectations of last 
year rather than your hopes of last year, there is some disappointment ; 
is that correct ? 

Mr. McCune. It has been my feeling that this particular area, the 
area of governmental regulation, protection, liability, and so forth, 
greatly lagged behind our hopes for American participation in Euro- 
pean programs. This might well prove to be the limiting factor. 

Representative Hosmer. You still have that effective clause in the 
Senn contract where you don’t deliver until this third-party lability 
matter is settled; is that correct ? 

Mr. McCune. In such areas as we are going forward, to be specific 
about it, two things have to be done. One, you have to be sure that 
both the manufacturer and your customer really believe that certain 
things are necessary before you go ahead with it. Second, you write 
the best contract you can to effectuate that. 

Representative Hosmer. Specifically with relation to Senn, do you 
still have a clause in your contract there? 

Mr. McCune. We won’t complete the Senn project nor will they 
operate it without adequate legislation being on the books. 

Representative Hosmmr. That is still your position ? 

Mr. McCune. That is still our position. 

Representative Hosmer. Practically and philosophically. 

Mr. McCune. That is right. Beyond that it is our opinion that 
both the Senn group and ours have essentially the same ideas as to 
what adequate legislation is. Without that you would not proceed 
with anything. 

Representative Hosmer. That would have to come in by 1963. 

Mr. McCune. It has to come in by 1963 or before ; that is correct. 

Chairman Anperson. What sort of legislation did you say had to be 
on the books? 

Mr. McCune. Legislation that covers such matters as inspection, 
licensing, if any. 

Chairman Anperson. Not liability ? 

Mr. McCune. Safety, liability, the whole gamut. Methods of trans- 
porting the fuel, what restrictions are going to be on it; all of this 
has to be in place before you can really operate anything. 

Representative Van Zanpt. Mr. McCune, suppose the West Ger- 
man Government wrote into law a series of protections along the lines 
that you speak of, would you feel or the corporation you represent 
be satisfied to the extent they would close a deal with the West Ger- 
man Government to operate a reactor ? 

Mr. McCune. I think I can say this accurately. I don’t know the 
name, but let us say the equivalent of our Atomic Energy Commission 
in Germany, intended to obtain a law such that German or American 
or other manufacturers could proceed with confidence in West Ger- 
many. They have publicly said that they believe the law they have 
obtained is such that this is the case. At the moment, I can’t say yes 
or no because we are in the process of obtaining—our company is— 
opinions of German counsel as to just exactly what this new law 
means. These are on their way and in a short time I could answer 
that. Maybeina month or2 months. I don’t know. 

Representative Van Zanpr. I was thinking of the liability. 
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Mr. McCune. It was their intent to cover the whole thing for 
their country. Whether they have done so or not I cannot tell you 
without these opinions. 

Representative Van Zanpr. In the discussion of this matter last 
year, you remember we developed this situation. You have so many 
countries over there and an accident in one country would affect the 
people in the other. Therefore, the lability not alone affects one 
country but the surrounding countries also. 

Mr. McCune. That is right. For this reason the basic solution, 
I think, to the problem really requires the formulation—and this 
work is well along—of something like the OEEC convention, or the 
Euratom convention, which has been written on the present supposi- 
tion that the OEEC convention would be adopted. This in turn, I 
believe, needs to be followed by an overall international or world 
type of convention, and work has been done on such a thing. 

I would hope that all the force of the U.S. Government would be 
used to obtain as good treatment for American manufacturers abroad 
as you have furnished for foreign manufacturers here. 

Mr. Ramey. Would you want the Price-Anderson Act extended 
abroad ? 

Mr. McCune. No. I don’t believe there is anything that Congress 

can do in the way of legislation which solves this problem. All I 
have said was that I hoped that the force and influence of the U.S. 
Government would be used to see that abroad the conditions under 
which American manufacturers operate are as good as the conditions 
which foreign manufacturers would have imposed upon them if they 
operate here. It seems to me that is a fair request. 

Representative Van Zanprt. A little reciprocity. 

Chairman Anperson. That would also involve your willingness 
to have the same test applied to your reactors by each foreign govern- 
ment that our Government would apply toa foreign reactor? 

Mr. McCune. That is right. This is necessary. 

Chairman AnpErson. How do the Senn re actor fuel guarantees 
compare with the guarantees stipulated in the Euratom agreement? 

Mr. McCune. If you want that in detail, I would have to give you 
written comments, but it is my understanding that the customer is 
just about as happy with the guarantees he has on fuel from us as 
any other guarantees. One reason for applying under the Euratom 
is the assurance of obtaining the fuel which goes with Eur atom. 

Chairman Anperson. The Atomic Energy Commission in its testi- 
mony at paragraph 114 said that we have approved the Senn proposal 
recommended to us by the U.S.-Euratom joint reactor board as a 
generally satisfactory project and as an acceptable basis for develop- 
ment of such necessary subordinate arrangements as the Euratom- 
Senn contract, the fuel-cycle guarantee contract, and the U.S. fuel 
supply plutonium purchasing and reprocessing contract. 

There was in the original legislation a provision about fuel guar- 
antees. Are the fuel guarantees in the Senn contracts comparable to 
those provided in the Euratom legislation ? 

Mr. McCune. The answer is that the guarantees which we gave 
Senn are comparable. 

Chairman Anperson. Is not the Senn program now under 
Euratom ? 
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Mr. McCune. They have applied to be under Euratom; yes. Your 
real question is, “why?”, I presume, and I think the real answer is, 
That Euratom or being included in Euratom to their mind is an 
excellent guarantee of the continued availability of enriched uranium 


225 
YOO. 


Mr. Ramey. And the deferred-payment plan? 

Mr. McCune. As distinct from the fabricated fuel. 

Chairman Anperson. Of course, they take title to it for 10 years 
without interest. 

Mr. McCune. I think that is the drawing card, not whether the 
manufacturer would guarantee them the life on the fuel. That is 
what I am trying to say. Really, I suppose, the customer should 
speak for himself. 

Chairman Anperson. Shall we goto the top of page 6? 


THE AEC’S 10-YEAR PROGRAM 


Mr. McCune. I cannot commend too highly the spirit and the ef- 
fort evident in the Commission’s recent evaluation of the potential of 
each development. I say that with the utmost sincerity. Naturally, 
many of the conclusions are based on an engineering judgment and I 
would expect no single person to agree with all of the conclusions. 
We hope that the following comments will be found constructive. 

We faliowe that boiling water is the most promising approach to 
early attainment of economic nuclear power. This, however, is a 
matter not for argument but for demonstration. 

We are, of course, continuously studying other approaches and have 
made specific recommendations to the Commission based on these 
studies. We have recommended to the Commission that our work for 
them on the sodium graphite modular reactor should not be extended. 
On the other hand, we have done some promising work on fast oxide 
breeders and are hopeful of support for a continued effort. Likewise, 
it is our opinion that the gas-cooled system has sufficient potential to 
justify further work, particularly in the materials area, such as high- 
temperature moderators and fuel. 

We are not able to conclude that homogeneous reactors could be 
made economical even though the major technical problems, particu- 
larly those affecting dependability and safety may be solved. Hence, 
I have little enthusiasm for the development. 

Work on a prototype heavy-water reactor is being done in Canada. 
I understand that the Canadian Government considers the design 
appropriate in light of the circumstances there. Our studies have not 
shown that this type is likely to be economical under conditions in 
this country. 

We agree with the Commission’s statements on nuclear superheat as 
an important development. To the best of my knowledge, nuclear 
superheat has been accomplished only on an experimental scale, and 
then only in two places: in the Russian reactor at Obninsk and our 
Vallecitos reactor. Substantially more experimental work will be 

roductive, and this is one of the reasons that our Vallecitos reactor 1s 
being modified at an added cost of approximately $1 million. 

I fully agree with the Commission’s program for a thorough evalu- 
ation before going beyond the conception and first analysis stage. 
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As the Commission’s description of the program makes clear, it will 
continue to be developed by the Commission and industry working to- 
gether. Its success will require the use of techniques by which a pri- 
vate company can simultaneously conduct Government and private 
activities. 

Assuming that the nature of a particular program is such as to 
justify the “expenditure of public funds, the Government’s concern 
in choosing a contractor to do the work should be primarily whether 
the contractor has the technical competence to give the Government 
the best results for its expenditures. The mere fact that a program 
whose results would benefit the industry as a whole, would also benefit 
the company carrying on the work should not disqualify that company. 


NUCLEAR MARITIME PROPULSION 


Since reporting to you last year, we have completed for the AEC 
the preliminary design of a boiling-water system for a 60,000 dead- 
weight-ton tanker. This has substantiated our belief that the direct 
cycle natural circulation boiling-water reactor is appropriate for 
marine application. Test work to confirm these calculations is 
underway. 

Operating characteristics and cargo density determine that com- 
petitive power will first be realized on large high-speed, long-run 
tankers. 

Progress is being made in developing international solutions for 
safety regulations and liability protection. This is on maritime. This 
work must be pushed vigorously if it is to keep pace with the progress 
in engineering. 


AEC POLICY ON THE USE OF PRIVATE TEST REACTORS 


The lack of sufficient load for our test reactor has continued to be 
a major problem for General Electric. 

In the middle of negotiations between the AEC and ourselves for 
the use of this space, it may seem out of place to discuss this matter; 
however, our experience does relate to problems which you have con- 
sidered important. 

The first has to do with the need for test reactor space. Two years 
of intensive effort to sell such space has indicated to us that the de- 
mand is not nearly as great as has frequently been assumed. 

Secondly, it is important that the Commission should take neces- 
sary administrative action so that effective use is made of private test 
reactors for irradiation programs within or supported by the AEC. 


ADMINISTRATION OF THE FACILITY LICENSING SYSTEM 


One of the major problems which will have to be faced by the grow- 
ing nuclear power industry is the facility licensing system. 

It should be possible to find ways to attain the objectives desired 
without imposing unreasonable burdens on industry. 

Anyone poster with the present licensing procedures knows that 
if we are to achieve broad usage of competitive atomic power, the 
present licensing system must be simplified. We are encouraged by 
the Commission's willingness to refine and improve its procedures and 
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to consider industry’s suggestions. To this end, we, in industry, must 
do a better jab than we have to date in developing specific construc- 
tive proposals. 5 

Addit ionally, we believe that a request by you for comments on this 
point each year in your 202 hearings will insure that timely legisla- 
tive action will be taken if it is required. 

Finally, we recommend that except in the case where national de- 
fense is of paramount interest, all reactor facilities should be required 
by law to go through the same licensing procedures as privately owned 
facilities. The public is entitled to sure and open knowledge of the 
procedures employed. 

Chairman Anperson. Does that refer to power reactors for the 
development of electric current or does that apply to Hanford and 
Oak Ridge and Savannah River? 

Mr. McCune. I should explain this. I said except in the case 
where national defense is of paramount interest. It would seem to 
me that in the case of a Hanford or a submarine that national defense 
is a paramount interest and you would not want a lot of open docu- 
ments. If you rule those out, if you are building a prototype reactor 
for power production, it would seem to me it would be desirable to go 
through the same licensing procedure whether it is publicly or pri- 
vately owned. 

Chairman Anperson. Do they not do that as a matter of practice? 
On the REA cooperatives where the Government owns the reactor 
have they not gone through precisely the same operations as with the 
private reactors ? 

Mr. McCune. As far as the REA is concerned, this is correct. As 
a matter of practice they are doing it. 

Chairman Anperson. Do you know any others that the Government 
is building? 

Mr. McCune. I am quite sure, for example, that the plutonium 
recycle reactor which we are building for the Commission at Han- 
ford is not going through the same licensing procedure as though 
we owned it. 

Chairman Anperson. But it is not generating any electricity, is it? 

Mr. McCune. It doesn’t seem to me it makes a difference if it is 
generating electricity or not. The licensing procedure does not ap- 
ply only to reactors which produce electricity. It applies to the 
whole range of production and utilization facilities. 

Chairman ANnperson. I thought we were eliminating those that 
dealt with national defense. This one deals with national defense. 

Mr. McCune. No, not the plutonium-recycle reactor. I think the 
more reactors that go through the licensing procedure the faster we 

can go from a situation in which each has to be considered without 
any real rules, to a situation in which certain rules and practices can 
be established and we can get more from che individual examination 
to the building code type of situation. 

Chairman Anperson. Let us go back to this plutonium recycle for 
justa minute. That isa test facility, is it not? 

Mr. McCune. That is correct. 

Chairman Anpverson. Do the private pours in a test facility have 
to go through all the licensing provisions $ 


Mr. McCune. Yes. 
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Chairman Anperson. And all you want to do is to get this plu- 
tonium recycling operation on the same basis as all others? 

Mr. McCune. That and all the other reactors like it on the same 
basis. 

Chairman Anprrson. Is it not the only one? 

Mr. McCune. No. The EBWR at Argonne. All of these reactors. 
They are all going to contribute very substantially to the body of 
knowledge from which you can work out standards which will make 
the licensing procedure a relatively accurate and simple procedure 
as compared to the long and detailed procedure which the first few 
have to go through inevitably. 

Mr. Ramey. If the Commission itself has to worry about the red- 
tape involved on their own experimental reactors you figure they will 
simplify it sooner, is that the idea? 

Mr. McCune. That could be. The more that go through the sooner 
we will arrive at a reasonable procedure. At least that is our opinion. 
I believe this personally very strongly. 


AEC CONTRACT POLICIES 


One aspect. of vital industrial concern is the financial aspects of 
AEC contracting policies. 

We believe it should be possible to employ a uniform set of cost 
principles applicable to all Government contracts, regardless of 
whether the procuring body is the Commission, the Department of 
Defense or some other agency. 

We also believe that these principles should be applied consistently, 
regardless of the identity of the contracting agency. The present 
Commission practice on some contracts is to refuse reimbursement for 
substantial indirect costs. This practice has been defended on the 
ground that the fee paid to the contractor represents, in part, reim- 
bursements of these costs. This creates the impression that there is 
a reasonable profit while, in fact, the so-called fees do little more than 
cover unreimbursed indirect costs. 

The Commission is usually in a position to drive a very hard bar- 
gain with its contractors, yet, I question whether the long-range ob- 
jectives of the country to develop a strong industry are really served 
by obtaining the hardest short-term contract. 

Chairman Anverson. This relates to that section of the atomic 
energy work in which they don’t allow money for advertising, business 
expenses, or bonuses. 

Mr. McCune. I don’t think there is any Government agency which 
considers all advertising expense as a reimbursable cost. 

Chairman Anperson. I didn’t say all advertising expense. But 
the Department of Defense does allow a certain amount of advertising 
expense, business expense, and bonuses. The Atomic Energy Com- 
mission in paragraph 182 said: 


There are specific areas in which our policies will tend to be somewhat different. 
There are (1) advertising, (2) bidding expenses, and (3) bonuses of a profit- 
Sharing nature. Our basic reasons continue to hold these costs unallowable 
because they are not in our judgment related closely to the performance of the 


contract work. 
Mr. McCune. My reason for believing that some of those which are 
not allowed should be allowed is that I believe they are closely related 
52950—60-——12 
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to the performance of the contract work. This is a flat difference of 
opinion of which you are bound to have many in a program such as 
this. 

THE ROLE OF THE COMMISSION LABORATORIES 


I hope that the hearings tentatively planned on the subject of the 
role of Commission laboratories will result in more detailed and 
thoughtful consideration than can be given here. However, I believe 
that the McKinney Report on the Peaceful Uses of Atomic Ener, 
pinpointed this important problem and suggested a policy. If the 
policy is other than that proposed, industry must understand this. 
In this connection, a report by the Atomic Industrial Forum entitled, 
“Atomic Research and Development—the Role of Industry” makes ¢ 
useful contribution to the consideration of the basic issue. 

That concludes my statement, gentlemen, and I wish to thank you 
for this opportunity to testify. 

Chairman Anperson. You are familiar, are you not, with the cham- 
ber of commerce report? Were you not the subcommittee chairman 
on the committee on the commercial use of atomic energy ? 

Mr. McCunr. Senator, there has been confusion on two points. 
There is a Bureau of the Budget directive which has to do with the 
Federal Government performing work either in contractor-operated 
facilities or in facilities which are owned by the Government, and 
which it could obtain from industry. This is one series of problems. 
The chamber dealt with that. What I am talking about is what was 
in the McKinney report on the ultimate role of these very valuable, 
very important national laboratories as we engage in the transition. 
I am speaking of a transition to increased industrial participation. 
These are two different things. 

Chairman Anperson. I am trying to relate it to the chamber of 
commerce report. You were the subcommittee chairman on the com- 
mercial use of atomic energy, subcommittee on Government competi- 
tion with industry. 

Mr. McCune. Yes. 

Chairman Anperson. One of the elements in that report was item 
5, Fuel Element Fabrication, in which the suggestion is that fuel 
elements for the Hanford site are fabricated in Government facil- 
ities. This is a problem with which you are well acquainted because 
your own company is doing the fuel fabrication at Hanford. 

Mr. McCune. Yes, sir. 

Chairman Anperson. I understand you feel this ought to be moved 
out of the Hanford facility and done m private industry / 

Mr. McCune. No. 

Chairman Anperson. The following are some of these specific 
examples of where Government laboratories are competing. 

Mr. McCune. I am not trying toconfuse. What 1am trying to say 
is this. There is a large number of areas in which work is being done 
in Government-owned contractor facilities which might or might not 
be available from industry. One of these is the production of fuel for 
Hanford reactors, for example, which General Electric accomplishes 
in Government facilities. I think you will find that the chamber’s 

letter said that these are typical areas which we believe should be 
examined under the policy issued by the Bureau of the Budget, and we 
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would hope that the Commission would set forth a public policy on 
these matters. 

The General Electric Co. has not engaged, as far as I know, in any of 
these activities in which it felt that the work should be done otherwi ise. 
This includes the operation of the Aircraft Nuclear Propulsion De- 
partment or the Knolls Atomic Power Laboratory. We do believe 
that the policy of the Commission with respect to this kind of work 
should be made clear. This is the meat of the chamber’s letter. 

We have not said any of those are wrong. We have said all should 
be examined. These are borderline things and we would like to see a 
public policy set forth on them. 

Chairman ANpersoN. I read in their report that this subcommittee 
was assigned the responsibility of compiling specific examples of Gov- 
ernment competition with industry in the atomic energy program 
which the national chamber has received from its members: 

I am transmitting in this letter a listing of our subcommittee on Government 
competition with industry, and some of the specific examples of commercial 
industrial activities of the Government in the atomic energy program. We 
believe that a detailed evaluation of such cases is warranted under the terms of 
bulletin No. 60-2. We hope that a public statement of the results of such a 
review will be made as a contribution to clarifying Government policy in this 
area. 

And the fuel element situation was one of them. One of the next 
things I could not help but notice was Sandia and Los Alamos design 
work for the Sandia test reactor. Also, Los Alamos experimental 
work on the thermionic cells to convert fission energy directly to 
electricity. I think that is the thermocouple, which some of the 
members are very much interested in. 

What I am trying to find out is this: As chairman of this subcom- 
mittee, and head, I believe, of the forum, is this work on the thermo- 
couple which is going on at Los Alamos, the sort of thing that should 
come out of Los Alamos and go into a privately owned laboratory ? 

Mr. McCune. Is it the thermocouple or is it the thermionic? They 
call it the thermocouple. 

Chairman Anperson. Isn’t thermionic the same as a plasma ther- 
mocouple? If you say it is not, I will take your word for it. 

Mr. McCune. They are two names for the same thing; that is 
correct. 

Chairman Anperson. It lists that work. 

Mr. McCune. The fact that it is in the list means that a reputable 
concern in the United States believes that had it been asked to under- 
take the work, it could have well done so, but was never given an 
opportunity nor asked whether it would be able to do the work. The 
work was simply assigned to a Government-owned laboratory to be 
done. 

Chairman Anperson. Actually, I suppose private industry could 
have undertaken the job of making the atomic bomb. 

Mr. McCune. That is correct. 

Chairman Anperson. I am just trying to find out if the committee, 
in listing these, thinks that these things are now projects that might 
move from Government laboratories to priv ate industry. 

Mr. McCune. I will say that there is nothing in that list which 
some reputable company did not think it could have done. On the 
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other hand, I believe, and I think we put in our letter, the ultimate 
decision as to whether or not any of those specific things could 
profitably have been obtained from private industry is something 
you can determine only by going out for bids or offers. Neither we 
nor the Government can determine it without going through a pro- 
cedure of this type. 

Representative Van Zanpr. Mr. McCune, give us in a few words the 
basis of the position taken by the chamber of commerce in their re- 
quest that non-Government facilities be employed to carry on some 
of this work. 

Mr. McCune. I think this is getting a long way from the testimony 
of the General Electric Co., but you will have to separate these. 

Representative Van Zanpr. You speak for one of the non-Govern- 
ment groups concerned, 

Mr. McCune. Let me talk then, as I have been talking, with re- 
spect to a chamber of commerce committee. As industry grows, and 
I believe it is the deliberate intent of the Atomic Energy Act that 
industry shall grow, it is developing new and increased capabilities 
at all times. There was a time—or let me put it this way, let us go 
back to Hanford fuel. I specifically, as a businessman, would not 
want to contract to produce Hanford fuel for the production re- 
actors. I would not. There may be a concern that would very much 
like to take the risk of doing this. I don’t know. But this I do 
know, that the Hanford fuel was developed and placed in production 
at Hanford long before there was a fuel industry in place. Is it not 
reasonable to look at the overall fuel requirements of the Commission, 
rule out any in which defense is of paramount interest, because the 
Budget Bureau bulletin is quite clear if this is a matter of protecting 
our defense, it does not apply. Rule out any such things, and make 
a real determination of what the present capacity of the U.S. fuel 
industry is, in which there are 10, 15, or 16 reputable companies 
at the present time who could do these things, rather than continue 
automatically to put them back where they have always been. That 
is the way I look at that one. As a matter of fact, I said this in the 
committee meeting—this is not giving anything out of court—I don’t 
make an apology for anything that the General Electric Co. is doing 
for the Commission, but I strongly feel that I would like it to be a 
matter of acknowledged public policy that we are doing it or I would 
like to get out of it. 

Representative Hosmer. As I understand in connection with pro- 
duction matters, your answer is that private enterprise has the ca- 
pability of doing it. Specifically, in relation to the chairman’s ques- 
tion about the thermocouple, we are getting into a research type of 
activity there, as distinguished from a production activity; are we 
not ? 

Mr. McCune. There are many areas in which research can be done 
better outside of Government-owned laboratories. There are many 
areas undoubtedly in which research can be done in Government- 
owned laboratories better than it can be done outside of them. I 
don’t see that the fact that a thing is purely research is a criterion. 
The criterion is who can do it best. 
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Representative Hosmer. Isn’t it going to take a Solomon to assess 
any particular line of research as to whether it can be best done pri- 
vately or by Government ? 

Mr. McCung. I think that the universities of this country would be 
deeply concerned if they felt that it was the policy of the Federal 
Government that, because something was research, it should be done in 
Government-owned facilities only. This has not been the practice of 
the Government. It has not been the practice of the Commission. 

Representative Hosmer. I am not arguing for that. 

Mr. McCune. It is a difficult thing. 

Representative Hosmer. My question was, Is it feasible or possible 
to take a specific research area and say this can best be done privately 
or this can best be done by the Government? It is not really possible, 
is it? 

Mr. McCune. I would take exception to that. It is not possible to 
do a perfect job any more than it is possible to do a perfect job of 
anything. On the other hand, the Research Division of the Commis- 
sion has, I believe, very wisely placed a large amount of its research, 
and I believe an increasing amount of its basic research, outside of the 
Commission areas. They have literally hundreds of contracts with 
the universities of the United States. How they make their decisions 
I don’t know, but I think their policy is sound, wise, and good. 

Representative Hosmer. In this whole business of placing research, 
isn’t there a matter of personality and personal enthusiasm of people 
who get into their field, originally generate the idea that there might 
be a fruitful area for research, and among their associates some are 
located in government, some in universities, and some in private 
places? It kind of filters around on that basis as much as any busi- 
nesslike, cold evaluative basis. Isn’t that true? 

Mr. McCune. That is entirely true. When you come to basic re- 
search, 99 percent, I should say as a judgment, is based on the people 
who would do the work, because basic research in essence is a very 
personal kind of contribution. 

Representative Hosmer. In other words, it is not an easy problem. 

Mr. McCune. I have no question that it is a difficult proposition. 

Representative Van Zanpt. Mr. McCune, going back again to this 
chamber of commerce recommendation, did the committee establish 
percentagewise the facilities available and not being used? 

Mr. McCune. No. The chamber committee took the position that 
if a responsible member of industry thought that some business was 
being carried on within the Commission’s facilities which could well 
be done elsewhere, that we would submit this as part of a list, not tak- 
ing the stand that the Commission was wrong in doing this work, but 
asking that this be examined and some kind of policy be developed 
which would be clear. 

Representative Van Zanpr. Let me approach it another way. Did 
this chamber of commerce committee, when considering this problem, 
have knowledge of member companies who had a surplus of facilities 
that were not being used ? 

Mr. McCune. The chamber committee did not approach the sub- 
ject on the basis of whether there was a specific company whose facili- 
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ties were not loaded. They approached it on the basis of whether there 
was an industry in being and established which could do and was doing 
that kind of work or similar work, with the belief that where industrial 
facilities have been put in place over a period of time to do this type 
of thing, that the decision should be made as to whether or not they 
could compete within the terms of the Bureau of the Budget directive. 
This, as far as I know, cannot be determined by the chamber, or by 
anyone in the chamber, or by anyone else, except on the basis of putting 
such work out for offers and seeing what happens. 

Represent: itive Van Zanpr. This is my final question. 

Mr. McCune. At the end of the offers the Government might say, 
“Look, we got offers from three incompetent people. We are not 
going to take it.” This happens all the time. It might be true, or 
they ‘might get some pretty good offers. 

Representative Van ZAnpr. Assuming there are companies in this 
country who have surplus facilities. 

Mr. McCune. And would you add, or who would build facilities 
if the business were available. 

Representative Van Zanpr. I will accept that, but I am particularly 
concerned now about the companies having surplus facilities, what is 
going to happen to them unless the Government transfers some of this 
work to them from their laboratories. 

Mr. McCune. Let me put it this way. We have several conflicting 

objectives in the Atomic Energy Act. They are directly in conflict. 
One objective, and a sound objective—I am not criticizing—of the 
Atomic Energy Act is to have broad participation in the atomic 
energy industry. A second national objective is to have great. speed. 
If you wish great speed, you take off all handicaps and you richly 
reward the front runner. If you want broad participation, you put 
2 little extra weight on the fastest horse, and you get a lot of people 
in. We have a second basic conflicting objective, you might say, one 
which is to get the work done very rapidly, in which case pr¢ obably the 
easiest way is to place the work directly under an existing budgeted 
contract procedure with a Government-owned facility, and another is 
to take the excess time required to go out and get bids. What I have 
been trying to say is that I believe we do have : a developing industry. 
I believe that its capability is steadily increasing. I believe that one 
of the most difficult jobs which the Commissioners have, and it is only 
the Commissioners who can make these determinations, is the proper 
balance between breadth and speed and the proper balance between 
the work in the Government-owned facilities, and the kind of work 
which will accomplish the objective of a strong, broad industry, which 
will eventually take over the load. This isa difficult area, and we need 
patience, I agree. But it is one of the most difficult things in the 
world to be impatient enough to get action and to be patient enough 
to know that these are long difficult problems that no one is going to 
solve with a stroke of the pen or a stroke of the ax. The McKinney 
report really did a beautiful job on laying this particular area out. 
I think it is one of the pieces they can really be proud of. 

Chairman Anperson. I think if we are to hear all of our witnesses 
this afternoon, we will probably have to excuse you, Mr. McCune, and 
ask Mr. Auchincloss of the Tracerlab to come forward, please. 
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STATEMENT OF S. S. AUCHINCLOSS, PRESIDENT AND CHAIRMAN 
OF THE BOARD OF DIRECTORS, TRACERLAB, INC. 


Mr. Aucnincioss. My name is Sam Auchincloss and I am president 
and chairman of the board of Tracerlab. Thank you very much, 
Senator Anderson, for asking me to appear again before the Joint 
Committee. I have a statement to read. 

I am indeed pleased to have been invited to testify before this 
committee on the subject of industrial applications of radioisotopes. 
It is my belief, and the belief of many of my associates, that indus- 
trial applications of radioisotopes stand before us today as a promise 
unfulfilled. 

My purpose in appearing before you, therefore, is to direct your at- 
tention to the relative lack of progress in this field and to suggest that 
the committee's influence be directed toward establishment of a more 
comprehensive and vigorous program to increase industrial applica- 
tions of radioisotopes. 

Consider the two major peaceful areas in which radioisotopes are 
currently employed in science and industry, and compare the progress 
which has been made in each. 

In the field of scientific research, the use of radioisotopes and the 
“tracer” technique has placed within our grasp the keys to an under- 
standing of life itself. 1 have heard the opinion expressed that prior 
to the availability of low-cost radioisotopes, a point of diminishing 
returns had been reached in many areas of basic scientific and medical 
research. 

It appeared that the time and money required were increasing 
exponentially and that the processes under investigation were so 
hopelessly complex that many research workers despaired of ever 
completely understanding them. 

This situation is no longer true. Greater amounts of money are 
being spent than ever before on basic research, and in every area of 
endeavor, knowledge is increasing with such rapidity that it is diffi- 
cult even for experts to keep abreast. Today the Geiger tube and 
electronic scaler are found in virtually every important research 
laboratory, and their use is as common as that of the microscope or 
the analytical balance. 

Regretfully, the situation that prevails in industry is quite different 
from that which prevails in scientific research. As of today, more 
than 14 years after the establishment of the Atomic Energy Com- 
mission, the radioisotope is a stranger in the great majority of our 
industrial plants. In fact, with the exc eption “of beta ray thickness 
gaging, isotope radiography, and certain applications largely in the 
petroleum industry, there is little industrywide use of radivisotope 
applications. 

The splendid successes which have been obtained in making tracer 
techniques standard procedures in the research laboratory are indie: 
tive of the overall competence and aggressiveness of the Commission 
in recognizing the potentials of radioisotope applications. Unfortu- 
nately, | present statutory regulations have limited the field of indus- 
trial applications of radioisotopes. In addition, relatively modest 
monetary support also restricts industrial isotope development. 
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Representative Horirrerp. Would you explain what statutory pro- 
visions you are referring to? 

Mr. Avucuincioss. Mostly in connection with licensing procedures. 

Representative Horirrerp. In other words, the industry that wants 
to use these radioactive isotopes has trouble getting licenses from 
AEC? 

Mr. Avucutnctoss. It is a complex procedure, and in some cases 
the regulations are not easily and quickly applied. We would like 
assistance in these cases in speeding it up and in knowing in advance 
exactly what type of regulations must be complied with in order to 
make a particular installation. I have a few examples of this a little 
further on. 

Representative Hotirretp. Very well. 

Mr. Avcuincvoss. Recently I had occasion to review the budget 
of the AEC for 1959, 1960, and 1961. While I was pleased to note 
that the isotope development program is to receive additional funds, 
I was struck by the fact that, even with these funds included, isotope 
development is the smallest major item on the budget and that funds 
allocated for 1960 total only 0.162 percent of the total operating 
budget. 

This, gentlemen, is the item which has been aptly termed “the 
breadwinner” of the atomic energy program. 

As you may know, Tracerlab developed the first commercial beta 
ray thickness gage; therefore, we have firsthand knowledge of the 
difficulties associated with turning a technically feasible idea into 
hardware suitable for industrial application, and I believe that a re- 
view of the history of this product is typical of most development 
projects. 

The basic scientific principle on which the beta ray thickness gage 
operates was demonstrated in 1917, and the first patent application on 
such a device was filed as early as 1927. It was not until 1948, how- 
ever, that an industrywide need for such a device, the availability 
from the AEC of suitable radioisotopes and advanced electronic com- 
ponents previously developed by the Manhattan project, combined to 
make the development of an industrial beta ray thickness gage an 
attractive undertaking. 

Tracerlab invested large sums of money before a truly satisfactory 
beta gage was installed and operated successfully in an industrial 
plant. Each year since, we have continued to invest considerable 
sums of money in order to improve the equipment and solve other 
associated problems in broadening its field of application. 

Now, the salient point is this: The development of isotope appli- 
cation has historically been performed by small companies, such as 
Tracerlab, operating with very limited financial resources. 

It is obvious, therefore, that if we must wait until the profits from 
one proven application can pay for the development of a second, that 
the pace of isotope utilization will be painstakingly slow. 

For this reason we have welcomed and applauded the isotopes de- 
velopment program of the AEC. Under this program, funds are made 
available for investigation of theoretically feasible isotope applica- 
tions through what is known as the “proof of principle” stage, a point 
usually reached when a working prototype or laboratory demonstra- 
tion can be made to prove practical feasibility of the principle. 
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As can be seen from the previously cited example of the beta gage, 
substantial funds are still required to perfect an application for the 
stringent demands of industry. 

Allow me to cite an example of an application which is at the pres- 
ent time in the stage midway between the laboratory and industrial 
usage. 

For a number of years now scientists have been aware of the fact 
that certain chemicals have the ability to trap gases within their 
crystalline structure, and to retain them there by physical rather 
than by chemical forces. These compounds in effect serve as a “cage” 
for the gas and are known to the chemist as clathrates. 

It occurred to one of our researchers that this phenomena could be 
employed to make better use of the radioisotope krypton 85, a ra- 
dioisotope with a challenging combination of desirable and unde- 
sirable physical and radiation characteristics. 

On the plus side, it has very useful radiation properties. It is 
also an inert gas, and since it is incapable of being absorbed by the 
body, it is relatively safe to use. On the minus side, its gaseous 
nature makes it difficult to handle and its inertness makes impossible 
chemical combination with other elements. 

It seemed obvious that if the krypton could be “caged” in the afore- 
mentioned clathrate, we would enjoy all of its advantages but none 
of the disadvantages. Under the AEC isotopes development pro- 
gram, it was determined that the gas could be caged with significant 
leakage by an improved and more efficient method, and as a result, 
caged krypton 85 became available for use as a solid radiation source. 

This program led directly into an even more significant develop- 
ment, a method for measuring the concentration of nonradioactive 
gases such as sulfur dioxide by means of a Geiger counter. Fan- 
tastic though it may sound, the principle is simple and easily un- 
derstood. 

Air containing sulfur dioxide is drawn through a tube packed with 
granules of “caged” krypton. The sulfur dioxide reacts with the 
granules and releases an amount of krypton 85 gas proportional in 
quantity to the concentration of the sulfur dioxide. 

The air and krypton is drawn into a chamber where a Geiger 
counter measures the amount of radioactivity released and thus, 
indirectly, of course, the concentration of the sulfur dioxide. The 
sensitivity of the method far surpasses that of conventional tech- 
niques, and in our laboratory we have successfully measured sulfur 
dioxide in concentrations as low as 1 part in 10 billion. 

Those of you from large metropolitan areas know that sulfur di- 
oxide is one of the main constituents of polluted air and that its 
presence contributes substantially to the formation of smog. Those 
of you with industrial experience know the importance of being able 
to accurately analyze gaseous mixtures. 

This device, a laboratory model which has been successfully demon- 
strated, is now being developed for general use. Incidentally, gentle- 
men, I think it is important to note that both the military and civilian 
branches of the U.S. Government stand to reap substantial benefits 
from projects such as this. 

The Weather Bureau wishes to use a variation of our sulfur dioxide 
analyzer for ozone analysis of the upper atmosphere. The informa- 
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tion this provides will make possible a better understanding of the 
factors affecting weather, and will, it is hoped, substantially improve 
both long-range and short-range weather forecasting. 

The NASA is also considering its use for analysis of trace gases 
at extreme altitudes. It is no secret, however, that its rate of develop- 
ment is dependent upon several factors, one of the most important of 
which is obtaining less restrictive licensing regulations. 

I am sure that you gentlemen realize that applications employing 
radioisotopes can have psychological implications. It is our experi- 
ence that present licensing and registration regulations often create 
unwarranted apprehension. 

I am not suggesting that regulations should be loosened, but only 
that the same criteria of relative danger be applied to isotope appli- 
cations as are applied to the use of other potentially dangerous prod- 
ucts. For example, radium dial watches and clocks are not generally 
considered as health hazards, although they do make use of one of the 
most dangerous radioisotopes known. Yet it has not been possible to 
obtain permission for general licensing of luminous paint containing 
tritium or krypton even though the health hazard of these isotopes is 

practically nil when compared to radium. 

Representative Houirmnp. Why have you been denied that ? 

Mr. Avcutnctoss. I really cannot answer that. We are applying 
for the license. I think the Atomic Energy Commission is hampered 
to some degree because of the legislation under which they act which 
in some ways affects them similar to those regulations which have 
recently caused trouble in the food industry, where the fact that the 
legislation said that there would be no health hazard made them take 
unusual steps. 

In science I believe it is a well-known fact that there is no such 
thing as nothing. It is always a matter of degree. I think the Com- 
mission itself knows the changes it would like to have made. It is 
just that the regulations have got to be liberalized enough so that 
we can know in advance what to expect and so that comp: arable haz- 
ards will be accepted. 

Radium is accepted. We believe krypton is far safer. We believe 
krypton will be accepted eventually. 

Representative Horirtexp. Isn’t it true that the field you are talk- 
ing about, the field of the use of isotopes, and the field of benefits from 

radiation, are just about the only two fields that small business ean 
get into in the atomic energy field? 

The use of isotopes and the use of radiation in plastics and other 
uses such as the preservation of food, these are about the only areas 
that the smaller businesses can get into without tremendous capital 
investments. 

Mr. Aucutncvoss. That is the business we are in. 

Representative Horirietp. Yes; I know. 

Mr. Avucuincioss. I do not know what another business might 
want to do. 

Representative Hotrrretp. My question is directed to the point, I 
think, of your testimony which is that more encouragement should 
be given in the field of the use of radioisotopes and more assistance 
given toward getting the benefits we know to industry 
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If there are obstructions, they should be removed because this is 
a field where a small firm can enter and operate. If it comes to 
building $50 million reactors and utilizing them, it is a field that re- 
quires a tremendous capital investment. But in byproduct uses, this 
is where there would be a chance to spread the benefits of it, not only 
wider into industry, but also to give small business a wider chance 
to get in on this new art. 

Mr. Aucutncioss. That is right, sir. 

Chairman Anperson. Let me ask you one question here. You men- 
tion this use of luminous paint containing tritium and krypton. The 
Atomic Energy Commission, in its report to us yesterday, paragraph 
152, said that during the year the Commission substantially increased 
the quantities of tritium and krypton 85 for civilian use, 1 million 
curies of tritium and 100,000 curies of krypton. 

Do I understand that you cannot get it for your work ? 

Mr. Aucuincioss. Sir, we can get the material, but we cannot sell 
it to our customers. 

Chairman Anperson. Of course, that is a great comfort to you, Iam 
sure. You can put it in the bank, in other words. 

Mr. Aucninc oss. Yes. 

Mr. Anperson. I wonder if there is a representative here from 
the Atomic Energy Commission. I wonder if I could get some ex- 
planation of what is the matter with this. Would you like to step into 
the lion’s den, Dr. Aebersold ? 

Dr. ArpersoLp. As you know, sir, there are two roles of the Com- 
mission, that concerned with promotional activities and encouragement 
of use, and that concerned with licensing and regulation. 

Chairman ANperson. You have a holdback team as well as a go- 
forward team. 

Dr. ArpersoLD. I would not call the licensing and regulation people 
aholdback team. Most of these people have been in the atomic energy 
field a long time and they are interested in seeing the development of 
peaceful uses. But their responsibility is primarily to see that the 
uses are very, very safe. 

When you say something has to be safe in the atomic energy field, it 
cannot be half safe. The question is, Should it be 99 percent or 99.9 
percent safe, or should it be 100 percent safe? This is the problem. 

Chairman Anperson. Take his statement as fact fora moment. He 
said that it has not been possible to obtain permission for general li- 
censing of luminous paint containing tritium or krypton even though 
the health hazard of these isotopes is practicaly nil compared with 
radium. 

Dr. ArsBersovp. I agree with that statement. 

Chairman Anperson. If that is true, do you have any idea why he 
cannot get the permission to use luminous paint even though the Com- 
mission boasts that it has a lot more tritium and a lot more krypton ? 

Dr. Anpersotp. This represents a new policy in licensing for the 
Commission, to license items that will go to the general public who 
have no knowledge of radiation protection. 

It is true that a person might get a tritium watch or krypton watch, 
and it would be no health hazard or at least little health hazard. But 
the question that the Commission faces is how many kinds of products 
containing activity, like wristwatches, can be licensed? Can you per- 
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mit every exit sign, every button that you want to push in the dark, 
can you have all these things, hundreds of products in the public 
domain, contain radioactivity without the public being in some way 
aware of this? 

CHarrmMan Anperson. Why can’t you license the fellow who wants 
to use it properly even though somebody else may import some watches 
that have strontium 90 in the dial ? 

Dr. ArpersoLD. I agree with you. I think we could materially 
reduce the radiation from watches and clocks around the country by 
making luminescent dials with krypton or tritium. Either one would 
substantially reduce the radiation that the public gets from this source. 
It is, however, a very small amount of radiation in the first place. I 
think we could reduce it to almost nothing using krypton or tritium. 

Chairman Anperson. Doctor, I did not mean to put you on the spot, 
but if you get a chance back at the Commission, will you try to find 
out why Tracerlab is having so much trouble? 

Dr. ArpersoLp. Yes, sir. 

(Correspondence from the AEC regarding use of tritium or kryp- 
ton, and a report containing additional information on fission product 
utilization and availability follow :) 


U.S. ATOMIC ENERGY COMMISSION, 
Washington, D.C., March 17, 1960. 
Hon. CLintTon P. ANDERSON, 
Chairman, Joint Commitee on Atomic Energy, 
Congress of the United States, Washington, D.C. 

DEAR SENATOR’ ANDERSON: During the section 202 hearings, there was testi- 
mony regarding the fact that the Commission has not issued a general license 
for the use of luminous paint containing tritium or krypton. 

There are many uses to which tritium (or krypton) paint could be put. 
Essentially any object might be painted to make it easier to find or read in the 
dark, e.g., clocks, watches, exit markers, light switches, fuse boxes, keyholes, 
furniture, doorways, dorknobs, automobile dashboards, telephone dials, ete. 
In addition, it could be used for novelty effects, including use on children’s 
toys. 

Many of these uses would involve consumer products, the production of 
which would be in the thousands or millions of units. For such uses, it 
would be impracticable to maintain control once the item left commercial dis- 
tribution channels. Instead, an outright exemption would be required. 

As the number of uses increases, the inventory of radioactive material in 
general use without control will grow. It is necessary therefore to evaluate 
beforehand the potentia: hazard which may arise from two viewpoints. First, 
the amount of radiation exposure to the general population from the numerous 
different items must be examined with respect to the radioactive material on 
objects in current use. Second, it is necessary to consider the amount of radio- 
active material freed to the environment, via incinerators or scrap operations 
as items are discarded or replaced. 

It is because of these considerations that we have been moving cautiously 
with respect to permitting use of radioactive materials in consumer products and, 
in particular, with respect to luminous paint. 

As you know, we have established a mechanism by which gaging devices 
ean be distributed on a general license basis to people without experience in 
radiation protection. These gages can be designed so that there is little stray 
radiation and little chance that the radioactive material will get out of the 
device. In addition, the general licensee (customer) is under certain restric 
oe = safeguard against having the radioactive material get into the public 

omain. 

Such gages are susceptible to general licensing not only because of their 
design features but also because they have a high intrinsic value, are used 
for specific industrial purposes, are not likely to come into wide-scale use by 
the public as would a consumer product, and it is feasible to maintain control 
through restrictions on subsequent disposition. 
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In similar fashion, luminous markers containing tritium have been specific- 
ally licensed for use in aircraft, the only requirement on the user being a 
restriction on subsequent disposition of the marker. 

In addition, there has been no problem in making tritium or krypton avail- 
able to qualified users who have experience in radiation protection. Approxi- 
mately 197 licenses for use of krypton 85 and 515 licenses for use of tritium 
have been issued. 

The major problem to be dealt with is the variety of proposed uses where 
the distribution is extensive and control is not feasible. This last problem, 
involving exempt uses, has not yet been resolved for the reasons given above. 

Sincerely yours, 
R. E. HoLiinesworrtH, 
Deputy General Manager. 


U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., April 15, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 

DeAR Mr. RAMeEy: At the February 18 session of the 202 hearings, several 
questions were asked by the Joint Committee on Atomic Energy that pertained 
to the utilization and availability of fission product radioisotopes. The attached 
report was. prepared to provide the Joint Committee on Atomic Energy with 
additional information on fission product utilization and availability. 

Sincerely yours, 
DwiGeuT A. INK, 
Assistant General Manager. 


Enclosure: “Report on Fission Product Utilization and Availability.” 


FIssIoN Propuct UTILIZATION AND AVAILABILITY 


Fission byproducts are generally considered a major disposal problem of the 
nuclear-power industry. The quantity of fission products being accumulated 
from the continued production of fissionable material for weapons and the in- 
creasing numbers of nuclear research, test, and power reactor installations, how- 
ever, also represents megawatts of potentially useful energy. 

Prior to World War II, only natural isotopes and a few very costly cyclotron 
produced isotopes were available in very small (microcurie) quantities for re- 
search. After World War II, however, a whole spectrum of reactor irradiated 
isotopes and fission product radioisotopes became potentially available in large 
(curie to megacurie) quantities. More than 200 fission products are found in 
the fission process, but fortunately, a majority of the highly radioactive fission 
products are short lived. However, a few long-lived fission product radioiso- 
topes, such as cesium 137 and strontium 90, have characteristics which make 
them both useful radiation sources and long-term waste storage problems. 
Therefore, the considerable research and development work performed in the 
areas of reactor fuel reprocessing and waste disposal since World War II has 
included a modest amount of research and development on the recovery, separa- 
tion, purification, fabrication and utilization of fission product radioisotope 
sources. During this period, billions of curies of fission products have accumu- 
lated from reactor operations and are currently stored as neutralized waste 
solutions but only thousands of curies of fission products have been produced 
and made available for research and development use. 


TRENDS IN FISSION PRODUCT UTILIZATION 


Until recently all industrial uses of radiation have been in the well-known 
techniques of radiography, gaging, tracing, and other process control applica- 
tions. Recent industrial applications are being found in the manufacture of 
products which include fission product radioisotopes as part of the product, 
such as static reducers, luminescent materials, heat sources and radioisotopic 
power generators. Furthermore, large radiation sources are now being used 
in plastic processing and medical supply sterilization. During the next decade, 
the utilization of low-cost fission products could grow dramatically in a newly 
developing era of industrial ionizing radiation applications. 
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Ionizing radiation 

The greatest growth potential for the use of the fission product cesium 137 
is in industrial ionizing radiation applications. Hundred klocurie to mega- 
curie cesium 137 gamma radiation sources could potentially be utilized in such 
varied fields as chemical synthesis, petroleum refining, drug and medical supply 
sterilization and the preservation of foods. The technology in these varied 
fields is currently being developed in research and industrial laboratories with 
the aid of machines and cobalt 60 gamma irradiators. However, this tech- 
nology is also applicable to cesium 137. The long 30-year half life and 0.662 
Mev. gamma radiation characteristics of cesium 137 enhances its utilization in 
industrial ionizing radiation applications. 

Plastics processing studies indicate a very bright future for lower penetration 
beta radiation. The irradiation of plastic-coated wire and plastic film has re- 
sulted in a superior quality product and significant cost reductions. Strontium 
90 with its 25-year half life and its 0.6 Mev. beta radiation coupled with a 2.2 
Mey. beta radiation from its yttrium 90 daughter is the best high energy beta 
emitter presently available in large quantities to meet this need. Furthermore, 
strontium 90 can be made into virtually insoluble compounds, safely contained, 
and safely utilized to treat plastic films and to cure plastic coatings on all types 
of material. 

Extensive industrial research programs are underway to learn more about the 
potential use of ionizing radiation. Research programs sponsored by the Office 
of Isotopes Development, including the research and development performed at 
the Brookhaven National Laboratory on high level radiation processing and 
engineering problems are expected to advance the whole timetable of ionizing 
radiation and fission product utilization. 


Tsotopic power 

Existing and new requirements for small, reliable, electrical generators that 
are capable of unattended long-life operation in environments such as in arctic 
regions, at sea or undersea locations, or in the voids of outer space, have led to 
consideration of radioisotope fueled power devices. The SNAP III demonstra- 
tion of a thermoelectric generator represents One line of development in isotopic 
power devices. Others include thermionic, photoelectric, turboelectric, and fuel 
cell principles to convert the radioisotope radiation or heat energy to electrical 
energy. 

Conceptual designs and prototype isotopic power generator devices utilizing 
strontium 90 are being created under a Commission contract with the Martin 
Co. These generators are being designed to operate unattended on land, at sea 
or undersea for as long as 10 years. This work has stimulated considerable in- 
terest pertaining to Weather Bureau, Coast Guard, Navy, Air Force, and com- 
mercial uses of isotopic power units. Isotopic power generators are also being 
developed which utilize other fission products such as cerium 144, promethium 
147, and Krypton 85. 

Isotopic power generators, with today’s technology, can be used safely to pro- 
vide reliable power for remote unattended operations, particularly those encom- 
passing missions of long duration on land and under the sea. Furthermore, 
large-scale utilization and production of fission products can result in isotopic 
power costs for supplying small quantities of power (less than 1 kilowatt) that 
are more favorable logistically than existing costs of supplying such power to 
remote regions. 

TRENDS IN FISSION PRODUCT AVAILABILITY 


The fission products contained in the reactor fuel reprocessing effluents and 
the billions of curies of fission products stored in underground waste storage 
tanks are not available in a useful form. They are, however, potentially avail: 
able for beneficial use. 

An overriding consideration associated with utilizing waste or mixed fission 
products as sources of radiation is safety. It is important that a radioisotope 
or radiation source be contained in a manner to minimize ingestion or inhalation 
hazards. Thus, it is desirable to have the radioisotopic source compacted in 2 
chemical form that is either insoluble or is contained in an insoluble capsule 
Its chemical composition must also be stable at elevated temperatures. These 
conditions should also be met by the compounds formed by the daughter products 
of the decay scheme to insure continued safe utilization. Furthermore. the 
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choice of a particular radiation source is determined by (1) power density, (2) 
cost, (3) availability, (4) half life, (5) shielding requirement, (6) radiation 
characteristics, and (7) safety and biological hazard considerations with regard 
to the specific application in mind. Applying these criteria narrows the field of 
useful radioisotopes and types of radiation sources rapidly. The chemical com- 
position and radiation characteristics of waste or mixed fission products are 
unpredictable and difficult to control. For many applications, these radiation 
sources generally do not have sufficient power density or desired radiation char- 
acteristics. In addition, the rapid initial decay of short-lived mixed fission 
product sources results in a high replacement rate and therefore they are not as 
economical as using a specific radioisotope. Thus, the use of pure fission prod- 
uct radioisotope is clearly indicated and here the choice is limited by availability, 
cost, and the desired radiation source characteristics defined by the application 
in mind. 


Current fission product availability 


The need to develop economical fission product recovery processes and safe 
radiation sources has stimulated research and development at various national 
laboratories and production sites for many years. As early as 1948 scientists and 
engineers advocated the construction of a pilot plant to develop fission product 
separation and purification processes. A fission product pilot plant was built 
and it was placed in operation at the Oak Ridge National Laboratory on August 
7, 1958. 

The fission products pilot plant (F3P) is operated primarily for developing 
fission product recovery, separation and purification technology, and to gain 
experience applicable to a future fission product production facility. However, 
this facility is also capable of supplying 500,000 curies of cesium 137, 250,000 
curies of strontium 90, 500,000 curies of promethium 147, and up to 4 million 
curies of cerium 144 annually for research and development pertaining to the 
utilization of these fission product radioisotopes. Although the F3P facility might 
be expanded, such measures would involve spending considerable sums of money 
and transporting large quantities of waste to supply feed to the F8P facility, 

The level of research and development on fission product recovery has been 
increased at the Oak Ridge National Laboratory and at Hanford, but large-scale 
availability of fission products is still several years in the future. Current avail- 
ability of fission products is limited by the capability of the fission product pilot 
plant and the total output from 1 year of F3P operation will only supply enough 
strontium 90 for one prototype 100 electrical watt isotopic power device. 


Obstacles limiting fission product availability 


The state of technology pertaining to the utilization or the recovery and fabrica- 
tion of fission product sources is not the primary factor limiting the availability 
of large quantities of fission products. The primary obstacles limiting the 
production and availability of large quantities of purified fission product radio- 
isotopes appear to evolve from the fact that— 

1. Potential users are reluctant to forecast requirements or make commit- 
ments for fission products without more specific information on product 
availability, cost, and possible delivery schedules. 

2. Potential producers, on the other hand, will not invest $10 million to 
$12 million in facilities or make commitments on products, product prices, 
or availability without some assurance that current and long-range markets 
exist for large quantities of fission products. 

These obstacles become complicated when consideration is given to the fact 
that— 

1. A 3-year leadtime is necessary to provide a production facility to re- 
cover and purify fission products on a large scale. 

2. The price of a specific fission product is related to the overall market 
for all of the major fission product radioisotopes ; and 

3. The overall market for all major fission product radioisotopes is de- 
pendent to a large extent upon Government utilization; i.e, Weather 
Bureau, Coast Guard, naval, and Air Force requirements. 

The Commission could, of course, provide a large-scale fission product recovery 
facility at Hanford, but private firms have already offered to provide such a 
facility when there is reasonable assurance that markets exist or will exist for 
large quantities of fission products. 
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PLANS REGARDING INCREASED FISSION PRODUCT AVAILABILITY AND UTILIZATION 


A well-balanced program for the peaceful application of nuclear energy 
must include the development of the important fields of isotopic power and 
ionizing radiation. 

The Atomic Energy Commission is supporting research and development pro- 
grams designed to foster and accelerate development of isotopes and radia- 
tion. A great deal of intensive research using advanced equipment will be 
necessary before ionizing radiation is fully understood and new processes are 
developed that incorporate radiation. However, the AEC-sponsored effort 
will only point the way for growing research by private industry. Improve- 
ments in fission product separation technology and source technology are expected 
to result in lower costs. This should enhance the use of massive megawatt radia- 
tion facilities and isotopic products. Furthermore, the Atomic Energy Commis- 
sion will provide radiation sources and isotopic power sources to other Federal 
agencies for prototype development and feasibility studies. It is anticipated that 
the use of fission products in specific prototype applications will stimulate de- 
velopment of new applications using large quantities of fission products. In addi- 
tion, the Atomic Energy Commission will continue to cooperate with private 
firms having an interest in the production and distribution of fission product 
sources. The Atomic Energy Commission is also continuing process develop- 
ment programs looking toward the possible future conversion of an existing 
bismuth phosphate plant to a fission product recovery facility. 

Chairman Anperson. Go ahead. We are interested in it because of 
the very thing Mr. Holifield mentions. This is a field where small 
business ought to have a chance to do pretty well. I think the atti- 
tude of the Commission is generally to help small business do well. 
If we can help, we want to do it. 

Mr. Aucuincwoss. The statement that you made that the Commis- 
sion is trying to help us is pretty well evidenced by the representative 
of the Commission here who testified. 

Chairman ANnperson. We have had Dr. Aebersold many times and 
he does try to help, I know. 

Mr. Aucuincioss. The list of potential applications of radioisotopes 
is too long to discuss at this time. I only wish that members of the 
subcommittee could join our scientists and research workers on the 
occasion when new projects are discussed and experience what we 
call the frustration of knowledge, caused by the seemingly limitless 
applications of radioisotopes not being developed. 

Therefore, I would like to suggest that your Subcommittee on 
Research and Development consider holding special hearings devoted 
solely to an evaluation of the industrial potentials of radiation and 
radioisotopes. Should such hearings be held, I should like to suggest 
that in addition to such an evaluation, discussions should also include: 
(1) A reappraisal of present isotope licensing regulations and a study 
of changes which would encourage wider industrial and governmental 
usage of radioisotope applications; (2) consideration of changes in 
the present patent provisions of the Atomic Energy Act which would 
encourage greater industry participation in an expanded program 
of isotope development. 

Having previously commented on the first of these suggestions, I 
would like to explain our feelings on the present clauses. 

Chairman ANnprrson. Let me say that Congressman Price is chair- 
man of the subcommittee and we will be very happy to call your sug- 
gestion to his attention and see if he feels that a hearing is required. 

Mr Avcurnctoss. Thank you very much, sir. 
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The Atomic Energy Act describes several alternate patent relation- 
ships which can exist between the Commission and _ its contractors, 
and leaves to the discretion of the Commission counsel the negotiation 
of such agreements to the best interests of the Government and the 
people of the United States. As a result, Government contract nego- 
tiators operate under a moral obligation to obtain the broadest and 
most favorable terms for the Government, and in virtually every in- 
stance, require that the contractor abrogate all major rights to pre- 
ceding, as well as future, discoveries. Therefore, many companies 
are reluctant to participate in a program where their most creative 
efforts are made available to their competitors. It is our belief that 
the AEC development contract should be awarded on terms similar 
to those granted by the Department of Defense, wherein the Govern- 
ment or any Government contractor has free rights to use any such 
patents, but that rights for commercial exploitation remain with the 
organization which invented and developed them. 

Representative Hortrretp. I would like to ask you a question right 
there. As I understand it, in the patent provisions of the act, the 
Atomic Energy Commission has the right to confiscate, you might 
sy, any patents which are of paramount “importance tothe art. Also 
those patents which might be of a security nature and which might 
pertain to the production, or formation, or utilization of weapons. 
Itis not my understanding that in the field of isotopes that the people 
ae interfered with there. If you get isotopic material and you 
fnd some use for that material, you “certainly are on your own. I 
don't mean on a Government contract. TI mean if you take this kryp- 
ton material and you go into an experimental field with it, and you 
develop some partic ular hardware to use this for a particular com- 
mercial purpose, there is nothing to prevent you from getting a patent 
on that, is there? 

Mr. Aucuincross. The AEC could prevent us under the present 
miles; yes, sir. They have the right to. Maybe they will and maybe 
they will not, but they have the right to. 

Representative Horrrrerp. Isn't it a matter of actual record that 
he increase in private patents in the past few years has gone up from, 

is [ remember, 200 about 3 years ago, something like 400 2 years ago, 
ind something like 600 or 700 this last year? So the obtaining “of 
private patents in these minor fields has gone up very, very fast. I 
wachart onthat. Am T not right, Mr. Ramey? 

Mr. Ramey. Yes. In instrumentation and the use of isotopes. 

Representative Horirtecp. In this very field. 

Mr. Aucntnctoss. Yes, sir. 

Representative Hortrmenp. All kinds of Geiger counters and do- 
imeters and all that field where isotopic material may be used. I am 

mdering if you are not harping on something here which is a tradi- 
ional complaint, but which does not have too much substance in your 


articular field. Do you have patents in your work? Does Tracerlab 
ave patents? 


Mr. Avcutnctioss. Yes, sir. 


Repr esentative Horirrerp. Have they been interfered with by the 
LEC in obtaining these patents? 


Mr. Aucnutnctoss. Mr. Holifield, there is the Sword of Damocles 
knging over our head. It takes a long time for us to determine 
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whether we are free and clear or not. We do not have the same 
trouble with the Department of Defense. 

Representative Hoxrrrep. I understand. 

Mr. Aucuincioss. We are hoping and praying that somewhat the 
same policy could apply in the Atomic Energy Commission outside 
of those matters which are security. 

Representative Hotirreitp. There are one or two areas where the 
Atomic Energy Commission has a function that pertains to the secret 
area of weapons where they have to know about these. Under the 
law there is no doubt that an application for a patent does go to 
their board. If they claim the patent first, they have to compensate 
for it if it has commercial value and if you have produced it by your 
own efforts and by your own expenditure of money. There is a patent 
board set up to compensate. In the first place they cannot take it 
unless it is of primary importance to the art, or in the security field. 
So it seems to me you have a wide field whereby with your own efforts 
you can obtain patents. I would be surprised if this was not true 
It would seem to me that the complaint you are making is a kind of 
traditional sort of complaint that everyone makes, but on which 
I have been unable to find a great deal of supporting substance. | 
have questioned every year these people that come before us with this 
complaint. Just where does this cripple you. Where does it stop 
you from getting a patent? I have not found much evidence to sup- 
port these complaints. 

Mr. Avucurncvoss. I think there are two sides of it. One is the 
question of cost. The patents won’t be granted unless they are a 
plied for. They won’t be applied for unless there is a reasonable 
chance they will be secured. The developmental work necessary to 
get a patent may not be done unless we feel we have a chance of 
capitalizing on that development work. 

Representative Ho.irmp. This is another general statement that 
is not borne out by the record. The record shows that there has been 
an increasing number of patents over the past 3 or 4 years applied for 
and granted to private industry. There has been a decrease in the 
amount that the Atomic Energy Commission has been applying for. 
The chart runs downhill for the Atomic Energy Commission and it 
runs uphill for private industry. I don’t know whether you are aware 
of these statistics that I am calling your attention to or not, but they 
are available. They are unclassified. They are in our print. 

Mr. Avcurinevoss. I think there would be more development work 
done if the policy was the same for the Department of Defense and 
the AEC. I wonder why it is not practical to have this? 

Representative Hoxirrecp. You have a copy of this, don’t you? 

Mr. Avucuincioss. Yes. 

Mr. Ramey. You are talking there in relation to Government con- 
tracts. 

Mr. Aucuincioss. Yes; that is right. 

Mr. Ramey. That is a little different than private development. 
Government money is involved in there. 

Representative Hoxirrep. If you are on that field I would be glad t 
talk to you about that. I will just say this much: if the Government 
furnishes the money, you are not asking to do a research job. Ii 
they furnish you $50,000 to do a research in a field and pay you 
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percentage of profit, you are not expecting in addition to that to have 
a windfall from all the procedures you discover and be allowed to 
patent them. 

Mr. Aucuinctoss. No, sir. 

Representative Hotiripip. It is a deep subject and I will get out of 
it in view of the clock. 

Chairman Anprrson. I call your attention to paragraph 190 of the 
Comniission’s testimony where they are recommending a loosening of 
these private background patents. I think it may be of some en- 
couragement to you. 

Mr. Avcurincioss. Thank you, sir. I am almost through here. 

In substance, it is our belief that the AEC could encourage the 
isotope development program, and in the broadest sense, further the 
interests of the people, by establishing the policy that the most 
favorable patent clause available under the existing Atomic Energy 
Act should apply to contracts in this field. We believe that this 
step would relieve the Commission’s patent group from the implicit 
obligation to negotiate for those patent provisions which appeared 
to be the most favorable for the Commission but which could, by 
the same token, be most discouraging to potential contributors. 

In closing, therefore, allow me to briefly summarize the recom- 
mendations which I have made before you today: 

1. Greater encouragement, both moral and monetary should be 
given to the AEC program of developing industrial isotope 
applications. 

2. Special hearing by the Subcommittee on Research and Develop- 
ment to evaluate our present program of industrial isotope application. 

3. More realistic isotope licensing regulations should be considered. 

4. Patent policies should be reviewed and modified so as to en- 
courage more companies to participate in the isotope development 
program. 

Thank you for your kind attention. If there are any questions 
I will be happy to explain my views at greater length. 

Chairman Anperson. Are there any additional questions? 

Representative Hosmer. Were you down here last year with some- 
body else from your company? 

Mr. Avcuincioss. I was here last year. 

Representative Hosmer. Didn’t we get into a conversation about 
how much money you spend in the promotion of your products? 

Mr. Aucuincloss. You mean the advertising program? 

Representative Hosmer. At the hearing last year. 

Mr. Aucurncioss. I don’t remember talking about the advertising 
program. 

Representative Hosmer. One of the things that came up was trying 
to evaluate just how big the program of sales promotion and so forth 
in a firm like yours is. 

Mr. Aucnutncross. It is very small. 

Representative Hosmer. Because in your testimony you complained 
that industry at large was not adopting the use of isotopes. I was 
trying to get at whether in addition to the factors you specifically 
mentioned in your testimony here, the fact that Tracerlab does not 
have a very big promotion budget, and likewise for some of the other 
companies engaged in the business might partly be responsible. 
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Mr. Avucuinctioss. We are talking about the definition of promo- 
tion. I thought you were referring to advertising. Our advertising 
budget is quite small. We have a good many field salesmen in propor- 
tion to the dollar volume of business in comparison to other types of 
business. I consider they are a promotionary device. Furthermore, 
our engineering staff does the same function. It is not in the budget 
of public relations. 

tepresentative Hosmer. In your own mind, you are satisfied that 
you make a reasonable effort to sell your product? 

Mr, Aucuincioss. We are making every effort we possibly can. 

Representative Hosmer. One of the things that your people out in 
the field are up against in selling these things is a general ignorance of 
the capabilities and possibilities of isotope applications. 

Mr. Aucuinctoss. Definitely. 

Representative Hosmer. You feel through committee hearings on 
radioisotopes additional publicity could be given to this whole field, 
and it would be beneficial to your industry. 

Mr. Aucuincioss. I think that would be very helpful, and partic- 
ularly if we could get a better licensing program so that the people 
who are about to use isotopes are not deterred because of the complexi- 
ties of the licensing sscadisede. 

Representative Hosmer. In other words, you may be able to say, 
“We can make a device to do this, that, and the other thing, but we 
don’t know whether we can get you a license permitting you to use it.” 

Mr. Aucuincioss. Exactly, or when we can get that license. 

Representative Hosmer. Thank you. 

Chairman Anverson. Thank you very much. 

Mr. Aucuinctioss, Thank you, Senator. 

Chairman Anperson. Dr. Frederic de Hoffmann. 


STATEMENT OF DR. FREDERIC de HOFFMANN, SENIOR VICE PRESI- 
DENT, GENERAL DYNAMICS CORP.; PRESIDENT, GENERAL 
ATOMIC DIVISION, GENERAL DYNAMICS CORP. 


Dr. p—E HorrmMann. I am senior vice president, General Dynamics 
Corp., and president of General Atomic Division. Thank you very 
much for asking me to appear before you. I would like to report to 
you on some of the nuclear energy activities carried out at General 
Dynamics Corp. 

In your letter of January 20, you listed several suggested topics of 
testimony, including the AEC’s civilian power program and the mari- 
time reactor program. General Dynamics is associated with the Gov- 
ernment in major projects in both of these areas and I am, therefore, 
happy to have this opportunity to discuss them with the committee. 

Turning first to the central station civilian waving program, I should 
like to tell you briefly of our progress in development of the high tem- 
perature, gas-cooled, nuclear-power plant (HTGR) which is to be 
built on the system of the Philadelphia Electric Co., with research 
and development assistance from the AEC up to a ceiling of $14.5 mil- 
lion, plus a waiver of use charges on source and special nuclear mate- 

rial up toa maximum of $2.5 million. | ; 
This prototype plant, as you know, is designed for 40,000 kilowatts 

(electrical) and will be completed in 1963 under a fixed-price $24.5 
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million contract with Philadelphia Electric and 52 other utility com- 
panies of the Nation which comprise High Temperature Reactor De- 
velopment Associations, Inc., a nonprofit organization. The prime 
contractor for engineering and construction of the plant is Bechtel 
Corp. General Dynamics has a contract with AEC covering research 
and development and, under contract with Bechtel, is to furnish the 
nuclear steam supply system including the reactor, also on a fixed- 
price basis. 

This prototype, representing the joint efforts of Government and 
industry, will enable the United States to have the first nuclear power 
plant capable of steam temperature of 1,000° F. and above and pres- 
sure of 1,450 p.s.i or higher, with a net thermal efficiency of about 35 
lige ye Since the signing of the contracts for the prototype plant 
ast August, the level of confidence in the economic promise of the 
HTGR has risen steadily, apace with the research and development 
program. 

Representative Van Zanpr. Have you decided on a date to break 
ground for this project ? 

Dr. pe Horrmann. I believe that the actual construetion will start 
some time early in 1961, somewhat over a year fromnow. I might add 
parenthetically, or rather not parenthetically, but with main emphasis 
that I am very grateful to all of you as a committee that this project 
is one of the major projects going forward in this country, and as I 
mentioned, we are very confident that its economic promise is indeed 
very high. 

Chairman Anprerson.I think in order to shed light on Mr, Van 
Zandt’s question I should ask—in what State will the ground be 
broken ? 

Dr. pe Horrmann. Shall I answer for the record, Mr. Chairman ? 
Pennsylvania. 

Repesentative Van Zanpr. I might add that it is not in my Con- 
gressional District. 

Chairman Anperson. No; it is not. 

Representative Hosmer. Doctor, your statement here doesn’t indi- 
cate whether you will clad those elements with metal in the first core 
or not. I take it in your statement you are thinking about the second 
core ? 

Dr. De Horrmann. Actually the situation is such that during the 
last year we have seen, as we had hoped, enough developmental work 
coming through on graphite that, while we have not made the final 
decision which way to go, because it is a little too early, the chances 
that we might be able to go toward an all-graphite core begin to look 
increasingly good. We have now seen samples of tubes of graphite 
of a really large diameter—I am talking of several inches—tubes. We 
have irradiated some of these tubes, and I must say that these are very, 
very recent results. They have just come out of the reactor. But 
in a rather high flux, something like 10 to the 21 nvt., superficial ex- 
amination of these graphites showed no dimensional changes and no 
changes in permeability properties. 

Weare today getting graphites which have permeabilities expressed 
in the usual units of 10 to the minus 7, which means they are essentially 
as good or better than we will need for this plant. All this does not 
mean that we may not still want to fuel the first reactor the other 
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way, but it looks one heck of a lot better in that direction than it did 
a year ago. 

Representative Hosmer. You would not get 35-percent thermal 
efficiency ? 

Dr. pe HorrMann. Yes. 

Representative Hosarer. On metal clad? 

Dr. p—E HorrmMann. Not if we go to metal clad ; no. 

May I proceed, Mr. Chairman ? 

Chairman Anperson. Surely. 

Dr. pe HorrMann. Development activity is proceeding at a steadily 
expanding and accelerating pace at General Atomic Division, where 
approximately 200 persons are now engaged in various aspects of 
the work, including experimental developments of the reactor’s high- 
temperature fuel elements and the system’s mechanical equipment and 
fluid systems. 

Representative Van Zanpr. I visited your facility in December, 
and you mentioned to me at that time you were not receiving infor- 
mation on the United Kingdom’s high-temperature reactor develop- 
ment work, and other U.S. gas-cooled reactor development work. 
Does that defect still exist ? 

Dr. pe Horrmann. The situation I believe is vastly improved. We 
understand that the final stages of negotiation to conclude a satisfac- 
tory agreement with the United Kingdom, respectively, OEEC 
Dragon project, so we will be able to get the flow of information and 
have this solved at an early date. 

Representative VAN Zanpt. What about the U.S. gas-cooled reac- 
tor development work? 

Dr. pe HorrmMann. Let us look at the U.S. gas-cooled reactor work; 
I should say it is perhaps important to recognize that we are sort of 
talking about apples and oranges even though they are both gas 
cooled, as we discussed last year. Since the HTGR is a homogeneous 
or let. us call it semihomogeneous system, it stands in a class by itself 
from some of the other work being carried on. Nevertheless, we wel- 
come anything that will pull together all the forces in gas-cooled 
work in this country, and I think to that I would say the more the 
merrier. We can never have enough progress in pulling technologi- 
cal information together. 

Representative VAN Zanpt. Then I take it the situation is improv- 
ing. 

Dr. pp Horrmann. I think that is correct. 

Chairman Anperson. You would not say it was a case of oranges 
and apples when you compare Project Turret with your project? 

Dr. pz Horrmann. I am not sufficiently familiar with that project. 

Chairman Anpverson. A good deal of the information you need is 
developed by Project Turret at Los Alamos? 

Dr. pE Horrmann. I don’t believe so, because Turret has advanced 
into temperature regions and situations beyond what the HTGR class 
of reactors is trying to do. Therefore, right now, if all the work had 
been completed on Turret, I doubt very much of it would be immedi- 
ately applicable to the HTGR. 

Mr. Ramey. On the fission trapping, for example. 





D 


syst 
of w 
M 
Los 
D 
can 
velo 
can 
M 
you 
the ’ 
Di 
that 
a dit 
don’t 
woul 
bette 
in th 
Re 
proje 
point 
Dr 
some 
and-« 
unde 
be ut 
two } 
other 
was t 
other 
whiel 
ing ¢: 
ent a 
of the 
that 
or th 
have 
I thir 
Natio 
and t 
Rey 
comp 
Dr. 
just. | 
“appl 
made 
rathes 
In as ¢ 
Rey 


was n 


ago. 





rk, 
We 


ind 
‘AC- 


rk; 
- of 
gas 
ous 
self 
rel- 
yled 
the 
ogi- 


rov- 





DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 191 


Dr. pk Horrmann. I do not know the details of the fission trapping 
system of the Turret reactor myself at all. Weare doing a great deal 
of work on the fission product trapping systems. 

Mr. Ramey. Doesn’t your staff cooperate rather closely with the 
Los Alamos Turret people ? 

Dr. pp HorrMann. Yes. We certainly welcome any information we 
can receive and in return giving any information that we have de- 

veloped which has become quite substantial over this last year, as you 
can Imagine, with this kind of effort that is on the system. 

Mr. Ramey. I think last year we went through a list of problems 
you had with your reactor and compared them w ‘ith the problems that 
the Turret reactor was going to solve, and they sounded similar. 

Dr. pe HorrMann. They will sound similar because they are both in 
that class of reactors. The Turret reactor tries to do something in 
a different range. As I say, all technology will help each other. I 
don’t think if they had the Turret completely worked out today we 
would be in a position to build this HTGR plant much quicker, much 
better, or anything of that kind. I think both statements are true 
in this case. 

Representative Hosmer. I have heard some grumbling about your 
project. being put under Oak Ridge from some administrative stand- 
point. Would you like to put that on the record ? 

Dr. pe Horrmann. I think it may become clear when we discuss 
some of this further on here. I think we are dealing with an apple- 
and-orange situation. I think we are not unhappy at having this 
under the Oak Ridge Operations Office of the AEC. I think it would 
be unfair, and the AEC has certainly not done so, if, let us say, of 
two places developing dissimilar sy stems, one were to supervies the 
other in terms of whether ~ believed the route taken by the other one 
was the right way to go. I don’t think this is actually the case. In 
other words, there are two separate projects. The EGCR project, 
which is being carried on at Oak Ridge, and the HTGR which is be- 
ing carried on by us. I think both have merit and both are a differ- 
ent approach to the system. TI think as long as it is administered out 
of the Oak Ridge Operations Office, which administers both programs, 
that is fine. If it should ever be that we administered the EGCR 
or the EGCR people administered us, I expect either of us would 
have some difficulties in finding objective judgments from both sides. 
I think there must be a strong distinction drawn between Oak Ridge 
National Laboratory which has ¢ ‘ontracted to do one of the approaches, 
and the Atomic Energy Commission’s Oak Ridge Operations Office. 
Representative Hosmer. So far you have not felt any cause for 
complaint ? 

Dr. pp HorrmMann. I will mention to you in a moment that I think 
just because this has not been quite so clearly recognized as being 
“apples and oranges,” we do not agree with some of the statements 

made in the 10-year program of the Commission. Some of this, I 
tather suspect, can be traced back to the attempt to put everything 
in as succinct terms as possible under one heading. 

Representative Hosmer. You were real hurt because your project 
was not in this list that the General Manager put out a few months 
ago. Is that what you are referring to? 
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Dr. pe Horrmann. No. I am referring to the statement that you 
just received on the 10-year program. If you will allow me, I will 
make an explicit statement on that in just a minute. : 

Representative Hosmer. You feel you were not recognized suffi- 
ciently ¢ 

Dr. pp Horrmann. I don’t think it is a matter of recognition. I 
think it is a matter of the implication that these two things are all 
one thing. I think it is just technically not so. They both have merit 
and they should each be worked on their own merit. 

Representative Hosmer. You are going to clear that up? 

Dr. pp HorrmMann. Yes. 

Chairman Anperson. Proceed, please. 

Dr. pE Horrmann. A facility designed especially for critical ex- 
periments on the HTGR core is under construction. Preliminary 
design work on the reactor pressure vessel is well along, also pre- 
liminary design work on the thermal shielding and the core supports 
structure. A test rig is being constructed to test prototype control rod 
drives. Irradiation testing of sample fuel bodies continues, along 
with heat transfer experiments. A large inpile irradiation loop for 
testing full-diameter elements is under construction. The develop- 
ment of new low permeability graphite, evaluation of the effect of 
impurities in helium on the mass transport of graphite, development 
of fission product control—these are among other aspects of the re- 
search and development program which are moving forward with en- 
couraging results. 

We have not had an opportunity to study in detail the AEC’s re 
cently published reports on its Civilian Power Reactor Program 
Study. However, we have serious reservations concerning the en- 
riched gas-cooled reactor section of part I of this study, since it is, 
im our opinion, an incomplete status summary of gas-cooled tech- 
nology. This section leaves the impression that it is in a summary of 
the heterogeneous (EGCR) gas-cooled reactor and the homogeneous 

(HTGR) when, in fact, it summarizes data only on the heterogeneous 
system. We have made known our concern to the Commission’s staff 
that this summary is misleading and does not represent the true status 
of gas-cooled reactor concepts in the United States. 

We are also more optimistic as to the future of gas-cooled reactors 
than the Commission has indicated in part IV of its Civilian Power 
Reactor Program Study. The Philadelphia Electric Co. HTGR 
prototype was undertaken with the strong conviction, and a belief 
on the part of those in the Government, that it would demonstrate 
in the first prototype plant those features essential for economic 
power. If these features are, in fact, demonstrated—and to date we 
have found no technological reasons why this cannot be accom- 
plished—it should be possible to go ahead immediately to a large com- 
mercial version of the HTGR in the 150-300-mw. range. This means 
to us that HTGR plants competitive with conventional powerplants 
in many areas of the United States can be built by 1968. 


I think it is in those two areas, Mr. Hosmer, that we would dis 


agree with the emphasis placed in the Commission’s report, in patt 
I, as we feel there is not a sufficient explanation that the HTGR 
concept is not talked about. There appears a discussion of EGCR 
type technology and a curve which shows an HTGR line. This sort 
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of thing leaves the impression that both of these are discussed in the 
paragraphs. 

Secondly, there are general statements made as to when these plants 
can in fact come into use. The statement is by inference drawn that 
you will have to wait for a whole succession of prototypes and at that 
somewhere in the 1970’s. We do not share this belief. 

Representative Hosmer. I am not sure whether you are speaking 
from what you know now today or whether you are speaking from an 
entirely opposite standpoint as far as the optimism is concerned. You 
have not gone far enough with your tests on which to base such a posi- 
tive statement. 

Dr. pk Horrmann. I think the basis on which I am making it is that 
this plant was designed to accomplish something different. It was not 
designed to go through a series of so many prototype stages. We may 
turn out to be wrong, but again it should be emphasized that this was 
the intent of this plan. 

Representative Hosmer. In time you will pretty well know. 

Dr. pe Horrmann. That is right. We know that in 1964 or 1965 we 
will know whether this is the case. I do not want to exclude their 
possibility in these time scales. 

Among other programs underway at General Atomic Division, cov- 
ering a wide spectrum of research and development, there are two 
in particular which I should like to mention here, since they reflect 
the interest and the investment on the part of private industry in ad- 
vancing the nuclear art in this country. 

One is the research which we are pursuing in the field of controlled 
thermonuclear reactions, in a joint program with the Texas Atomic 
Energy Research Foundation, composed of 11 utility companies which 
operate in Texas. We are making interesting discoveries in this long- 
range scientific undertaking, which represents the first and largest 
privately financed program of its kind in the world. 

The other program is one which is growing rapidly and which could, 
in time, bring about truly revolutionary changes in the methods of 
and economies of power generation. I refer to the field of thermo- 
electricity—the direct conversion of heat into electricity. I want 
to include thermionic methods. Results obtained recently lead us 
to believe that powerplants with overall efficiencies of 25 to 40 percent 
can ultimately be built and operated, using direct conversion equip- 
ment. Operating tests are underway at General Atomic using a 
number of high-temperature cesium cell and semiconductor direct 
conversion devices. This field is of special interest to us because 
high-temperature reactors, such as we are developing for central sta- 
tion power and maritime propulsion, may be able to exploit most fully 
the potentialities opened up by these high-temperature thermoelectric 
devices. Associated with General Dynamics in part of the thermo- 
electric program are eight utility companies of the Rocky Mountain- 
Pacific Nuclear Research Group, also the San Diego Gas & Electric Co. 

Chairman Anperson. May I stop you there, Doctor, because I want 
to get into the question again of the role of the national laboratories. 
In the chamber of commerce report that I pointed to a minute ago, 
item 9 in the list of these examples was Los Alamos experimental work 
o thermionic cells to convert fission energy directly to electricity. 
The Atomic Energy Commission in its reply deals with the chamber 
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of commerce item 2-9, and says that this item refers to the plasma 
thermocouple, a current research project at Los Alamos Scientific Lab- 
oratory (LASL). 

As far as we are aware, the basic idea originated at LASL, where technology 
in the exotic materials evolved, and where uranium and zirconium carbide, ade- 
quate facilities, and scientific competence are available. This field of research 
is completely unclassified and is open to industry. LASL has published numer- 
ous documents in this area. We encourage laboratories to undertake frontier 
research of this nature. 

The chamber of commerce said it got these items from various com- 
panies, and the impression was left that it might have gotten this 
idea from your organization. Would you care to comment on that? 

Dr. pe Horrmann. Let me state I was not personally involved. 
Suppose I state my feeling on the subject, rather than to answer your 
question directly, which may illuminate how I feel. 

Chairman Anperson. Do you know whether or not your company 
did make this comment ? 

Dr. pe Horrmann. I do not. I believe that it is essential that both 
the national laboratories and industrial companies—in fact, any good 
nucleus of good research people that can be assembled and really prove 
itself to be a good nucleus—be allowed to go forward with various 
research ideas. In other words, I would turn it around this way. I 
would not suggest that we exclude any one element from doing re- 
search in a given field. I think this goes for the national laboratories 
as well as it does for industry. I think this should be a case where we 
do not by the direction of funds, for example, end up so that this 
might in fact come out that way. We ourselves have a very large pro- 
gram in this field now. We certainly welcome any advance in this 
field that can be made. We would not like to see a policy decision, let 
us say, which would lead to the fact that the national laboratories are 
so well suited for this work that if further research and development 
contracts in this field were to go out, they should only go to the na- 
tional laboratories. 

Chairman Anprerson. You have put out a very nice booklet on 
direct conversion and you list the companies participating—Califor- 
nia Electric Power, Arizona Electric Power. You don’t mention 
Los Alamos? Actually this work really started at Los Alamos, 
didn’t it? 

Dr. pe HorrmMann. This work was started at Los Alamos and pub- 
lished at Los Alamos. We were at that time looking over the entire 
field, including semiconductor work. We continue semiconductor 
work. We think Los Alamos has done a very good job in this thing. 
We think it is an exciting field. We want to press forward hard. I 
want to emphasize that the research phase is by no means over and 
we should as much as anybody else have a large chance at the research 
program. I don’t mean we as General Dynamics. I would hate to 
see a division arise because in the end it would do the country quite 
some harm. You would not be able to hold together good groups in 
various places if you centralized it too much in one or two groups. 

Chairman Anperson. I want to try to get the philosophy. You 
went to Los Alamos and picked up Dr. Pidd to head up your work. 


Dr. p—E HorrmMann. Let me state how this happened to come about, | 


because it is an interesting one. It so happened that Dr. Pidd actu- 
ally approached us. I didn’t know him. He approached us as well 
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as six or seven other industrial corporations. And said it was his 
considered opinion, that the work to prosper really very strongly 
was now at a stage where you had to combine the basic research and 
the industrial thing, and he thought there were a few companies in 
the country—and he thought there ought to be more of this type— 
that have the ability to combine these two things and really go for- 
ward and make these gadgets. This could not be done by simply 
transferring technology 8 years from now and telling somebody to 
make it. 

Chairman Anpgerson. I don’t question that. I only know that Dr. 
Pidd was working there. 

Dr. pp Horrmann. May I say this because I think it is important. 
I told Dr. Pidd that I felt he was engaged in a national laboratory 
program, and therefore felt that he should probably continue this 
kind of activity, because this is where he had some of his work and 
so forth. He informed me that he was not an employee of Los Alamos 
but a professor at Michigan, was only on temporary loan to Los 
Alamos as a consultant, and wished to either return to Michigan or 
go into industry. Under those circumstances would I be willing to 
take him into the group. I said, “Yes, but generally we will not 
promise you to work on the thermionic field, only because we want 
to evaluate what is best.” 

Once he came he convinced us sufficiently that this was indeed so 
good that a fair fraction of our effort has gone into it. I think this 
is a good example of how work should be done between the national 
labs and industry for the country. I think we both feel that way. 

Chairman Anperson. Yes. I recognize there i is a vast difference in 

salary. The only point that sort of worries me is that here is a man 
in common with other people. He was a consultant at Los Alamos, 
and showed this process to Senator Hickenlooper and various others 
who came out, and they were impressed, who suddenly transfers to 


your organization. And then the chamber of commerce comes out and 


says the national laboratories better get out of the field because some- 
body else is going to do it. You barely got him under the wire. 

Dr. pe Horrmann. I can see that the implication is unfortunate. 

Chairman Anperson. It is the same thing in another case. Dr. 
T =. was working with Dr. Ulam on Orion at Los Alamos. 

Dr. pe Horrmann. Dr. Taylor happens to be in the room and if I 
could rt for some comments, he could answer. It so happens he did 
not work on this at Los Alamos. 

Chairman Anperson. I want to get over this idea that some of us 
feel that we should not condemn the national laboratories for coming 
up with a good idea like the thermocouple. 

Dr. pe Horrmann. By all means, no. We should also not condemn 
those people that had ideas outside the national laboratories. As you 
know, I had the pleasure of working for many years in the national 
laboratory. I am proud of this. I like to carry that tag, rather 
than the tag that a I do from there on in stems out of the 

national laboratories. I think Dr. Taylor developed this idea by 
himself at the new place of employment where he was. It was a 


different concept which he felt would make this thing workable and 
I cannot go into this in open session. 
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Chairman Anperson. I can’t either, but I do know the Orion project 
was talked about, a little at least, in Los Alamos but the military 
could not afford to put up any money for it. Then it was transferred 
out to your organization and the military had plenty of money for it. 

Dr. pe Horrmann. I would be grateful, Senator Anderson, since 
you mention it—I am unfortunately bound by various open session 
restrictions not to completely answer—I think it would be one of the 
best things if it were possible for you to at this stage give many of us, 
including the national labs, a chance to give youa full report on where 
this project stands, and what should be done with it. I think this 
would be one of the finest things that could happen. 

Chairman Anperson. I think that is fine, because the committee 
has never been briefed about it. The only thing we know is what we 
read in the newspapers. 

Representative Van Zanpt. We are looking forward to it. 

Chairman Anperson. Yes. May I say what I have said to you is 
not especially reserved for your company? Dr. Chauncey Starr sat 
next to me at the chamber of commerce dinner, and I had read his 
speech about the national laboratories. He assures me what he said 
did not refer to Livermore or Los Alamos, which somewhat reduced 
my temperature, below 1.400°. I hope we have not reached the point 
where, now that many of these things have some commercial advan- 
tage, you are not going to make any use of these fine ideas from the 
laboratories unless they can be converted to a commercial experi- 
ment. 

Dr. pe Horrmann. The one thing I would like to add to this is 
that I think the right way to build up strong atomic energy companies 
in this field is this. For instance, to us research is not just an adjunet 
to our business, but really in the foundationstone of the business. I 
think we have demonstrated that we have a research team that can 
indeed carry out even the most basic kind of research in the traditions 
of academic freedom and with the vigor that an industry can supply. 
So in a sense research is a business to us, just as fuel element is to 
us. I think there is nothing wrong, and we should not draw this 
distinction that research should not become a business as of itself. 
I think we should encourage strong businesses in research. 

Representative Hosmer. You feel that you are able to compete with 
the national laboratories to get the business ? 

Dr. pe HorrmMann. Surely. Let me say this, however. I should 

say I do not agree with what appear to be unwritten policies of the 
Commission that research contracts as such should go more toward 
universities, and in fact to a very high degree, than = should to 
any group that happens to have industrial backing. I understand 
the reasons, but I am worried twofold. I am worried because the 
business of lar ge universities is to do good teaching and to have top 
people to do research, but not to do, in my own mind, mass projectized 
work because this detracts—this is a purely personal opinion—this 
detracts in the end perhaps from good teaching and industrial re- 
search in the long run. 

Representative Hosmer. As a matter of practical necessity the work 
has to go to universities in order to train these young fellows working 


for Ph. D.’s. 
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Dr. pe Horrmann. I don’t believe so. In other countries there are 
a number of very fine cooperative arrangements between universities 
and industry where this is not looked down upon at all. 

Representative Hosmer. You are getting a cooperative deal with 
the University of California. 

Dr. pp HorrMann. I hope we can. I think these are the right ways 
to go. 

Representative Hosmer. As a matter of fact, it is rather unique. 
But at the present time we can only get our Ph. D.’s through the 
universities. You have to give them the work to subsist these boys 
while they are going through. 

Dr. pp Horrmann. I agree. I would like to see universities sup- 
ported. I don’t want one segment excluded simply because that seg- 
ment is thought of by most people as “production.” I don’t want the 
word * “industry” and “production” to become sy nonymous. I would 
like to see good research and development carried on in industry. If 
it is poor, let us cut it off like anywhere else. 

Chairman Anprerson. The reason I wanted to ask this, I know you 
spent a long time in my home State, and you think as much of Los 
Alamos as I do. I wanted to find out your opinion. I feel these 
national laboratories have made a great contribution and have the 
potentialities of additional great contributions. I do not say that 
industry does not also contribute. 

Dr. pk Horrmann. I fully agree. I think our friendships have 
kept up in that sense, and we all certainly feel this. 

May I proceed ? 

Chairman ANnperRson. Yes. 

Dr. pe Horrmann. I come now to the field of nuclear power sys- 
tems for maritime propulsion and, specifically, to the maritime gas- 
cooled reactor program (MGCR) which General Dynamics “has 
been carrying out since early 1958 for the AEC and the Maritime 
Administration. 

We firmly believe this to be one of the most important areas of the 
entire nuclear field, in terms of both need and opportunity. The 
achievement of an efficient and economic nuclear propulsion system 
for maritime use is highly important, not only as it involves industry 
but also from the standpoint of our national interest and prestige. 

We are all aware that the ever-increasing costs of labor and fossil 
fuels provide strong incentives for creating more efficient and more 
highly automated powerplants. Nowhere is this challenge sharper 
than in maritime shipping—particularly, the maritime shipping in- 
dustry of the United States. We have great need, if American ships 
are to have a substantial share of the world’s seaborne commerce, 
for a propulsion system that is capable not only of matching the econo- 
mies of oil-fired ships within the briefest possible space of time, but 
of achieving even lower costs in the long term. 

This is the definite goal that has been established for the MGCR 
which, for the first time, brings together in one compact, efficient plant. 
two advanced, high performance systems—a high temperature, gas- 
cooled reactor and a closed- -cycle gas-turbine powerplant. 

The program is directed toward an early land-based re 
which can be placed under construction during fiscal 1962, to be 
followed by the first seagoing MGCR vessel. 
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On the nuclear side of the MGCR system, the gas-cooled reactor 
is not limited by either engineering or nuclear considerations from 
achieving high powerplant efficiencies and good economic perform- 
ance. On the conventional side, great progress has been achieved 
over the past 15 years in the technical development of high-tempera- 
ture turbines. Thus, it is now possible to design turbomachinery 
components which are compatible with the high outlet temperatures 
and pressures of the gas-cooled reactor. 

Marrying these two systems results in a true, direct cycle gas system 
with only one working fluid and makes available a compact, safe, 
simple, lightweight propulsion plant. It offers a means of achieving 
long fuel life, low fuel cost, safety, and other advantages which, 
together with the high thermodynamic efficiency, combine to give the 
MGCR strong economic appeal. 

Of course, it will be readily appreciated that until the MGCR 
plant has been built and tested as a prototype one cannot make precise 
comparison between it and other conventional and nuclear propulsion 
systems. However, there are some very obvious advantages of the 
MGCR system which already can be cited: 

1. An MGCR tanker would require substantially less machinery 
space than other systems and, for purposes of comparison, it can be 
stated that it would use only about two-thirds the space presently 
taken up by the nuclear propulsion plant on the NS Savannah. 

2. The weight of the powerplant would be substantially less than 
that of other systems. It is estimated that the MGCR powerplant 
will weigh less than two-thirds as much per shaft horsepower and 
about one-half per unit of cargo as that of the NS Savannah. 

3. The MGCR thermal efficiency of up to 40 percent is better than 
that of conventional maritime propulsion systems and also is con- 
siderably better than that of any nuclear propulsion system currently 
under design for mercantile use. This high efficiency extends to 
part load conditions, as low as 10 percent, which is an advantage not 
found in steam cycle systems. 

4. The MGCR system is especially well suited to exploiting techno- 
logical advances for incorporation into later plants. 

The MGCR program has been underway at General Atomic Divi- 
sion since early 1958, in conjunction with the Corporation’s Electric 
Boat Division whose broad experience in the maritime applications of 
atomic power date back to the building of our first atomic submarine, 
the Nautilus. Today, at the end of the second year of this program, 
I am happy to report that its progress has not only lived up to the 
conceptual expectations, but that design work on the land based proto- 
type has shown this system to be capable of producing even higher 
efficiencies than were anticipated a year ago. 

In recent months, our development program has opened up oppor- 
tunity to increase the pressure of the helium-gas coolant from 800 
p.s.l. to 1,150 p.s.i., and raise the reactor outlet temperature from a 
maximum of about 1,300° F. to a range of 1,300° to 1,500° F. These 
are pressure and power levels which are very much closer to those of 
the ultimate MGCR plant. 

These new parameters permit exploration of a wider range of tem- 
perature and pressure combinations for seagoing system. 
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The accomplishments of the MGCR development program during 
the past year are described in an appendix to my testimony which I 
have submitted to your committee. I would like to request that this 
supplementary material be placed in the record. 

Chairman Anprrson. Without objection, that will be done. 

(The appendix referred to appears on p. 203.) 

Dr. pp Horrmann. Perhaps the most significant development of the 
work during the past year has been a decision to utilize beryllium 
oxide rather than graphite in the moderator and reflector. As you no 
doubt recall, this ceramic BeO was the reference core material pro- 
posed for use in the very early high-temperature, gas-cooled power 
reactor, known as the Daniels Pile, back in 1947. During our own 
evaluation of material for use in the MGCR in 1958, we also recognized 
the high performance potential of BeO as a moderator material. In 
both of these instances, however, concern was expressed over the 
meager amount of information available on the physical characteris- 
tics of BeO in the high temperature and radiation environments 
anticipated. The relatively high cost of beryllium also was prejudi- 
cial to its use then. 

However, as part of our continuing search at General Atomic 
Division for a system which would be not only competitive with but 
more economic than maritime propulsion plants using fossil fuels, 
we have been continually impressed with the advantages of BeO. 
Furthermore, data has become available from our own fuel ma- 
terials experimental program, reflecting favorably on BeO’s stability 
in a high-temperature, high-irradiation environment. Further con- 
versation with BeO manufacturers then led to the conclusion that 
beryllia could be fabricated in the desired shapes and sizes and, most 
importantly, that the cost of the finished product would be sub- 
stantially lower than the cost predicted in 1958. 

The beryllium-oxide-moderated MGCR holds promise of achieving 
higher temperature and higher pressure than those projected for any 
other nuclear power systems proposed for maritime application. In 
fact, the high temperatures achievable in the MGCR even when 
coupled to a steam system instead of a gas turbine plant, permit 
efficiencies which compare favorably with the most advanced fossil 
fueled plants proposed for use in the maritime field. However, it is 
only when this high-temperature reactor is coupled to the high- 
performance, closed-cycle gas turbine that we achieve the highly 
desirable efficiencies in the neighborhood of 40 percent. 

The economic prospects for the MGCR are made considerably 
more promising by the adoption of beryllium oxide in the moderator 
and reflector, due to the high neutron economy of BeO as compared 
to graphite. This higher neutron economy reflects itself in a fuel 
cycle cost, using beryllium oxide, which is from 46 to 65 percent of 
the fuel cycle cost of a graphite moderated MGCR. 

In 1967, the overall cost of operating a beryllia-moderated MGCR 
is expected to be less than the cost of handling that same shipment 
in a graphite moderated system. Savings in fuel costs will more 
than offset the higher initial investment in beryllia. 

Last year, in testifying before you, and referring to an MGCR 
plant using graphite, I reported that we could — the MGCR to 
compete with conventional propulsion plants with the second gen- 
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eration of seagoing MGCR’s. We now have every confidence that 
this goal can be achieved with the first seagoing ship, following 
closely upon the prototype. 

Today, on a 20,000 mile tanker run from the Persian Gulf to New 
York or Philadelphia, using a U.S. built ship and a U.S. erew, it 
costs from $10.57 to $12.58 to deliver a long ton of cargo, or an 
average of $11.50 a ton. This is based on a cost of $3 per barrel of 
oil on the east coast. Based on historic trends in the cost of oil, it is 
believed that this average cost, using a conventionally fueled ship, will 
continue to incret Ase. 

The first seagoing MGCR tanker, of 60,000 deadweight tons and 
30,000 shaft horsepower, coming into service in 1967 or 1968, could 
be expected to operate at a cost equal to or lower than that for fossil 
fueled tankers. In comparison with projected 1970 conventional costs, 
the MGCR could be even more economical to operate. 

Representative Hosmer. Is that an overall cost, including capital? 

Dr. pe HorrMann. This is an overall cost, including fuel. So while 
you have a more expensive plant, you save on the fuel cycle and 
thereby get to the same result and hopefully get. to a better result at 
some stage. Of course, you notice this is for large tankers where 
nuclear power shows its best economic value. 

Representative Hosmer. Do you have your fuel cycle worked out 
to the extent that you could really stand behind that figure? 

Dr. pp Horrmann. I think you can never stand behind a figure 
until you have proved it, like eating the pudding. I think our people 
feel sufficiently competent that unless some rather larger boner has 
been pulled, which we don’t expect, that this is indeed “the case, and 
the prototype will prove these out and hopefully will show us where 
we may be off and make improvements. 

Let us put it this way: There is such a good chance that this is 
really as we predict that there is every reason to go ahead full speed 
with making the prototype and w ith actually testing out. these fuel 
cycles. I think this is the case. 

Representative Van Zanpr. Do you have any information on a 
similar project in foreign nations? 

Dr. pe Horrmann. Yes,I do. There is considerable interest around 
the world in this thing. There is an interest in France in a maritime 
ship—I would not say exclusively fueled with beryllium oxide, but 
gas-cooled maritime reactor systems. There is considerable interest 
by the Japanese who are working on a closed-cycle, gas-turbine sys- 
tem. I did not want to imply that the French are working on a 
closed-cycle system. I think you will find considerable interest. from 
the Swedes, as a maritime nation who have repeatedly shown interest 
in this. There was recently a very large symposium in Germany on 
this subject. We have been approached from Germany on this sub- 
ject. There has been a very widespread interest. 

Representative Van Zanpr. What about the Norwegians? 

Dr. pe Horrmann. The Norwegians have not diversified, to the 
best of my knowledge—I may be giving misinformation here—bey yond 
the one early project they Satue a possible boiling water reactor. 

I think you have to remember here that the resources of the total 
Norwegian project by the size of the country and the amount they can 
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develop is not very large. I would not necessarily take them as an 
indication of like or dislike of systems. 

Representative Van Zanpr. These are all study projects? 

Dr. pe Horrmann. These are all study projects. This MGCR proj- 
ect that is really proceeding is the one project that leads the world in 
this kind of work and would really make us come out first as a nation. 

Representative Van Zanpr. Thank you. 

Dr. pe Horrmann. The MGCR progress report given to the com- 
mittee in the form of an appendix includes an isometric illustration re 
the complete MGCR system, a cutaway illustration of the reactor, 
flow sheet showing the new performance parameters which I have town 
discussing, and an isometric illustration of the gas turbine plant. I 
have here some enlargements of these illustrations which may be 
of interest to you: (1) Isometric of complete plant; (2) flow sheet; 
(3) reactor; (4) turbine machinery. 

This is rel: ies a very simple cycle and this is true because it is 
a once-through gas cycle which takes the coolant not through heat ex- 
changers but directly through a gas turbine which drives the shaft of 
the ship. The next one, I believe, is an isometric illustration of the gas 

turbine plant as it appears today. 

Chairman ANnprerson. This is similar to the high-temperature gas 
reactor. 

Dr. pp Horrmann. No; it isnot, Mr. Chairman. It is based on the 
principle that what we have to achieve here is a very rugged, ve 
compact core, which is one reason we are going toward beryllium. 
They are exceedingly small cores, and use gas under considerably 
higher pressure than we would in the HTGR. 

Inasmuch as this plant represents the wedding of two very ad- 
vanced systems, the prudent procedure is to follow the accepted prac- 
tice normal to the proof testing of such systems—that is to say, to con- 
struct a prototype for landbased test operations. In this way, it will 
be possible to prove out the concept and demonstrate its economic 
potential before investment in the first MGCR seagoing ship. 

Information obtained from these test operations will not only be 
used to conform the safety and reliability of the separate systems, and 
the systems in combination—it also will permit the subsequent. sea- 
going plant to be built, with maximum efficiency and economy. Witha 
land-based prototype, the powerplant need not be restricted by the 
confines of a ship hull, but can be so designed as to permit easy access 
for experimentation, particularly in regard to the auxiliary equip- 
ment. 

The basic powerplant of the prototype would, however, follow ship- 
board installation in sufficient detail to enable duplication of the 
thermodynamic performance of an operational powerplant, with re- 

gard to both steady rate and transient operation. 

After the prototype has attained its primary objective of proving the 
direct-cycle nuclear powerplant concept, it can be of continuing utility 
as a well- instrumented test facility for future developments, applicable 
to both seagoing and land-based plants, to obtain still greater efficien- 
cies and still lower operating costs, 

As I have indicated, the prototype will be designed to operate at 
a pressure of 1,150 p.s.i., with a reactor outlet temper ature of 1,300° 
to 1,500° F. Power will be 75,000 thermal kilowatts and maximum 
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shaft horsepower, 30,000. At the lowest operating temperature con- 
templated for the prototype, the reactor will achieve a basic cycle 
efficiency of close to 33 percent. 

If this prototype is ft under construction in fiscal 1962, it will 
be ready for test operation in 1964. Under this schedule, the first sea- 
going MGCR could be available in 1967 or 1968, with a shaft horse- 
power in excess of 30,000 and a basic cycle efficiency of 35 percent— 
a nuclear-powered tanker which, from the moment of its commission- 
ing, would be in economic competition with then current fossil-fueled 
tankers. 

This, then, is a summary of the MGCR program being carried on 
by General Dynamics, and of the factors underlying our belief that 
the maritime gas-cooled, closed-cycle, gas turbine sy stem—because of 
its high performance and extraordinary economic promise—offers to 
the United States an opportunity to establish a position of dominance 
in seaborne commerce, at anearly date. 

Mr. Ramey. The work you have done so far has been under Com- 
— contract ? 

Dr. pe Horrmann. Yes, indeed, it has been under Commission and 
Maritime contract, jointly. 

Mr. Ramey. There is not an authorization for the prototype, is 
there? 

Dr. p—E HorrmMann. Is there or is there not, you say? Let me ask 
Mr. Moore. I want to answer this question very carefully. Mr. 
Moore, who is project manager of the marine gas-cooled project, can 
answer this in the most direct and legal fashion. 

Mr. Moore. We have been authorized to design a prototype, but 
there has been no authorization to construct one. The design author- 
ization is strictly for a conceptual design as opposed to a detailed 
design authorization. 

Mr. Ramey. How much would a prototype cost as a land based 
model ? 

Mr. Moore. The estimated cost of the prototype is about $25 
million. 

Mr. Ramey. Is there any private company that would be inter- 
ested in building such a prototype? 

Mr. Moore. We have not explored this with any private companies, 
so I do not know. 

Dr. pe Horrmann. My answer would be the same. We have con- 
sidered this a Government program to carry this forward and they 
have been most enthusiastic about it and continue to be. So we have 
not explored these routes at all. 

Mr. Ramey. In order to get started on it in 1962, you would almost 
have to have it authorized in 1961; would you not ? 

Dr. pe HorrmMann. I believe, Mr. Ramey, that is a correct conclusion 
with which Mr. Moore would heartily agree. 

Chairman Anperson. Will you proceed. 

Dr. pe Horrmann. In concluding my prepared testimony, I should 
like to say_a word about our national goals in the field of nuclear 
energy, and what I believe is an essential element to the pursuit of 
those objectives. 

I believe that we, as a nation, must move most directly toward our 
goal of economic atomic power, and the development and production 
time for these competitive systems must be held to a minimun, if 
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those who develop and produce have a close and constant association 
with the men responsible for the original research and basic con- 
cepts. We of General Dynamics have found this to be a fundamental 
necessary—beginning with the new concept TRIGA research reactors 


which today are in use or soon will be operating on five of the six 
continents. 


Intensive research must be pursued vigorously within industry 
itself. There is no prudent alternative, for we have much to learn 
in many areas fundamental to the achievement of efficient and truly 
economic systems. Therefore industry must—by its own initiative, 
and with the cooperation of Government—play a decisive role in the 
whole broad research and development effort. 


Chairman Anperson. Are there any additional questions? If not, 
thank you very much. 


Dr. pe Horrmann. Thank you, sir. 


APPENDIX 


TESTIMONY OF Dr. FREDERIC DE HOFFMANN, SENIOR VICE PRESIDENT, GENERAL 
DYNAMICS CoRP., AND PRESIDENT, GENERAL ATOMIC DIVISION 


THE MARITIME GAS-COOLED REACTOR (MGCR) 
Background 


The maritime gas-cooled reactor program was initiated on February 17, 1958, 
as a contract between General Dynamics Corp.. and the U.S. Atomic Energy 
Commission-Maritime Administration. The program objectives are to develop 
and construct a prototype of a high-temperature nuclear reactor coupled with 
a closed-cycle, gas-turbine system for maritime application. The overall project 
responsibility is assigned to General Atomic Division of General Dynamics and 
the project is being carried out by a staff of technical personnel assigned from 
General Atomic and Electric Boat Divisions. Westinghouse Electric Corp. is 
subcontractor to General Dynamics for the development of turbomachinery for 
the project. 

The MGCR program has been anticipated as early as midyear 1956. Five 
feasibility studies were completed by AEC contractors by the spring of 1957. 
Each concluded that considerable development was required on both the reactor 
and the closed-cycle, gas-turbine cycle. However, when developed, the system 
will be a high-performance, competitive, compact system. 

With this background, the present MGCR program was initiated. The spe- 
cific objective is to develop, design, build, and test a prototype gas-cooled 
reactor, closed-cycle, gas-turbine powerplant for a maritime application. 


MGOR plant summary 


An isometric illustration of the plant is shown in figure 1, and the principal 
performance parameters of the MGCR prototype plant are shown in figure 2. 
The beryllium-oxide-moderated reactor heats helium gas to an outlet tempera- 
ture of 1,300° F., or above. The hot outlet gas then expands through the high- 
pressure turbine which drives the compressors. It then undergoes further 
expansion through the low-pressure turbine which drives the propeller through 
a reduction gear. After leaving the low-pressure turbine, the gas is cooled in a 
regenerative heat exchanger so that the waste heat subsequently transferred in 
the precooler and intercooler can be rejected at the lowest possible temperature 
in order to obtain high thermodynamic efficiency. From the regenerator this 
gas passes through the precooler and is then partially compressed before passing 
through the intercooler. Gas leaving the intercooler is further compressed and 
then regeneratively heated to the reactor inlet temperature. 

The basic cycle efficiency of this closed-cycle system is 32.7 percent, which 
includes allowance for entropy increases in the rotating machinery. The nom- 
inal capacity of the MGCR prototype plant is 30,000 hp. at the propeller shaft. 
Allowing for losses in the reduction gear and 1,000 h.p. for auxiliary ship’s load, 
the required thermal output of the reactor is 75 megawatts. 
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Reactor design 


An illustration of the MGCR reactor is shown in figure 3. The helium coolant 
enters the reactor vessel through the outer annulus of the concentric-duct piping 
at the side of the vessel. The gas then flows down, outside the thermal shield, 
and enters the core from the bottom. As it passes down from the inlet it cools 
the thermal shields and maintains them near the temperature of the inlet gas. 
The flow is orificed at the inlet to the core to maintain essentially constant out- 
let temperature from each fuel channel. The gas then flows along the surfaces 
of the fuel assemblies. The hot outlet gas then flows out of the pressure vessel 
through the inner duct of the concentric-duct piping and thence to the high- 
pressure turbine. 

The beryllium oxide core is 6.4 feet in diameter and is surrounded by an 
additional 7 inches of beryllium oxide which serves as a reflector. The prin- 
cipal considerations that led to the ultimate selection of beryllium oxide as 
moderator were the safety features as described later, its efficiency as a neutron 
moderator, and its stability toward contaminants in the high-temperature re- 
actor coolant. Beryllium oxide has good high-temperature properties, requires 
no metallic cladding or special cooling for moderator temperature control, and 
is adaptable to a relatively simple structural design. Further, to avoid cor- 
rosion problems and induced radioactivity in the circulating gas, helium was 
the logical choice as coolant. 

Although alternate designs will be evaluated before a final choice is made, 
the currently proposed MGCR fuel element consists of a cartridge of 19 rods of 
3¢-inch metal tubing filled with UO.-BeO pellets. Alternate cladding materials 
are Hastelloy. Inconel, or 316 stainless steel. The rod bundles are encased in 
a metal sheath and positioned vertically within holes in the core. At MGCR 
design conditions about 310 such fuel bundles are required. 

A design steady power temperature limitation in the range of 1,500° F. up to 
1,700° F. maximum surface temperature has been selected for this fuel element 
based upon the mechanical properties of the cladding materials. With helium 
as coolant at 1,150 p.s.i., it appears feasible to obtain exit gas temperatures in 
the range of 1.300°F. to 1,500° F. with this design. Resulting maximum oxide 
temperatures are lower than those in typical high-power density water-cooled 
reactors. 
Turbomachinery design 


The MGCR turbomachinery draws upon technology developed for industrial gas- 
turbine machinery as well as aircraft jet-engine experience. Designing such 
machinery for helium requires departures from this experience in mechanical 
detail. However, the aerodynamic problems of the helium machinery are rela- 
tively simple. An illustration of the turbomachinery now under development is 
shown in figure 4. As compared with conventional equipment, the helium turbo- 
machinery requires more stages, has new materials problems, and has new 
problems of mechanical construction, seals, and bearings. 

In this design the compressor sections are driven by the high-pressure turbine 
and are mounted on the same shaft. This section of the turbomachine operates 
at a speed of 12.200 r.p.m. The low-pressure turbine which drives the ship’s 
propeller through a speed reduction gear operates on a separate shaft at the 
slower speed of 7.600 r.p.m. An alternate arrangement was considered in which 
the high-speed turbine drove the compressor. However, since this would require 
a more expensive speed reduction gear, the final choice is believed to offer the 
best overall performance. 

The seals for the unit will consist of helium-buffered and oil-lubricated sleeves. 
Tilting pad bearings will be utilized in order to eliminate the possibility of oil 
whip instability. 
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FIGURE 3 
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Safety features 


In selecting the design for the MGCR system, special emphasis was placed 

upon safety. Somz of the principal inherent safety features are: 
1. The gas coolant carries relatively little stored energy. 
2. Low induced activity is present in the helium. 

3. Helium will not react chemically with fuel, moderator, and other 
reactor and powerplant materials. 

4. The beryllium oxide moderator is capable of absorbing, by thermal 
radiation transfer, nuclear afterheat for a period of approximately 1 hour 
after shutdown, thereby simplifying the problem of initiating emergency 
cooling in time to prevent melt down of the fuel elements. 

5. The sudden introduction of low-temperature coolant does not result in 
loss of control of the reactor. (This is a problem with liquid-cooled 
systems. ) 

6. Emergency cooling blowers can be mounted above the reactor and 
cannot be put out of operation by accidental flooding of the machinery 
compartment such as might occur in the event of a ship collision. 


Reactor progress 


An experimental program on fuel and moderator materials is well underway. 
Preliminary irradiation data on UO.-BeO fuel bodies for the fuel assembly have 
been obtained and additional irradiation tests are now in progress. 

Preliminary experimental data has been obtained which will permit the pre 
diction of fuel element hotspot temperatures and pressure losses in the reactor 
core due to the presence of the fuel elements. 

Tests results reported by others have shown that cold irradiation of BeO up 
to 3.6X10" nvt. (fast) have produced substantial decreases in thermal con- 
ductivity and compressive strength which were recoverable to almost the orig- 
inal values upon subsequent annealing at high temperatures (600°—1,000° C.). 
From this evidence it appears likely that irradiation damage will not be a 
serious problem in the MGCR since the BeO temperature will normally be above 
700° C. 

Irradiation tests on BeO at high temperatures and high fast-flux levels will 
be initiated in the near future to provide data on the relation between methods 
of preparing BeO and its irradiation stability up to 10” nvt. (fast). 

A critical facility, utilizing BeO, is currently under construction and will be 
in operation before the end of fiscal year 1960. 

A General Atomic BeO laboratory is under construction and is scheduled for 
completion March 26, 1960. 

A control rod drive has been designed and a prototype is currently being 
constructed. Plans for a control rod drive test facility have been prepared. 
Turbomachinery progress (status of development) 

Preliminary tests have demonstrated the feasibility of the proposed turbo- 
machinery seals and oil-helium separation system, and a test of a full-scale seal 
mockup is planned in the near future. Models for aerodynamic tests of turbine 
and compressor components are currently being constructed. 


Progress on other propulsion system components 


A model regenerator has been tested with helium at high temperature, and 
pressure and data collected on which the calculation of pressure drops and heat 
transfer coefficients for the protoype can be based. Stress analyses of various 
propulsion system arrangements have demonstrated the feasibility of eliminat- 
ing expansion joints in the helium piping and mounting the reactor on flex plate 
supports. Preliminary transient analyses of the MGCR system have shown it 
to be stable and controllable. 

In summary, design solutions to the major problems have either been de 
veloped or are obviously developable at reasonable cost. The principal remain- 
ing major uncertainties concern the long-term irradiation resistance of BeO at 
elevated temperatures, the development of economical methods of fabricating 
moderator shapes, and the proof testing of components. Therefore, a proposal 
for construction of a prototype appears to be justifiable. 
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Prototype size and flexibility 

Since the MGCR powerplant represents an extension of technology in both 
reactors and turbomachinery, it is desirable to build an experimental prototype 
rather than an operational unit. In this way the systems can be designed to 
permit easy access for experimentation free from interference by operational 
requirements. This adaptability of the reactor, together with the flexibility of 
the closed gas-turbine cycle, will permit the prototype plant to be used as a facil- 
ity for testing future developments in fuel elements aimed at obtaining higher 
eycle efficiencies and better neutron economy. Hence, a land-based prototype 
is considered preferable to a shipboard installation for the first MGCR plant. 

The 30,000-shaft-horsepower rating for the prototype powerplant is in the 
range of power levels expected to achieve economically interesting service. 
It also calls for turbomachinery whose physical dimensions are about as small 
as feasible for rugged machinery of high efficiency. Lower power levels may be 
obtained by operation at lower cycle pressures. Future plants of higher power 
ratings can be easily extrapolated from a plant of this size. Thus, at this power 
level, the reactor, machinery, plumbing, and other hardware are at the size re- 
quired to establish reliability before such a plant is installed aboard ship. 


Summary of plant data 
A summary of the principal design parameters of the MGCR prototype is 
given below. 


Power: 


At orenelior Hiatt = se Bas eee 30,000 (max.). 

Reactor, MW (thermal) -—------- eS eee 75.3. 

PARDEE RS od in leis me eee 1,000 horsepower. 

Net: shaft: efficiency 2) ie ee a. 31.7 percent. 

Cycle SRGeney q. .. ee ak SE ee. 

Reactor : 

Moderator and reflector____...._.-__---- . Beryllium oxide. 

Core (active lattice) : 
I a arr 6.4 feet. 
oa ee ee a Se 6.4 feet. 

ReGector thickets... 1. 2 ode ae te 7 inches. 

fo ee Lita ta tiaeal S Je Enriched uranium (5 to 10 

percent). 
PC) BIGMOBE oii ccna awe Heterogeneous 19-rod bundle 


34-inch rods of UO: diluted 
with BeO. 

Metal clad (materials being 
evaluated are Hastelloy, 
Inconel X and No. 316 
stainless steel). 


Pt ar i a ee ea Uniform. 

Nember of control 1006: .. 2 eo 16. 

Cate Tie Cat TU NOWET) ooo ee 4 years. 

CN os Te a ee ee Helium. 

CJOONNTT MOONRNTC | 8 is tc teemueea 1,150 p.s.i. from high-pressure 


compressor; 442 p.s.i. into 
low-pressure compressor. 


meactor iniet temperature... ................. 745° F. 
Reactor outlet temperature_________-______-. 1,300° F. (1,500° F. max.). 
Turbomachinery : 
Turbo-compressor speed_____________-______ 12,200 r.p.m. 
POWecrrpIe GOteG osc ee eee emus 7,600 r.p.m. 
Axial-flow stages: 
Paen-preseure Turpine... ek on 8 stages. 
Low-pressure (power) turbine______-_--- 7-8 inches. 
Low-pressure compressor_____-_-_-----~ 17 inches. 
High-pressure compressor_______-_-----. 21 inches. 
ae ei es 32 feet. 


Chairman Anperson. Mr. Leggett. 
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a 


STATEMENT OF W. D. LEGGETT, JR., VICE PRESIDENT, ENGINEER- 
ING, ALCO PRODUCTS, INC., SCHENECTADY, N.Y. 


Mr. Leacerr. Mr. Chairman and gentlemen, I am W. D. Leggett, 
Jr., vice president of engineering, Alco Products, Inc., Schenectady, 
N.Y. 

It was my privilege to appear before your committee in 1957 and 
again in 1958. I have reread my statements and the oral testimony 
given on those occasions and feel that I have little to add to the 
case for the small nuclear-power reactor. As a tool for development 
und a power generator for remote areas, we still feel that it has a 
definite place in the program. Costs and delivery times of medium 
Army reactors have decreased. This progress has been reflected in 
the one small process heat and the one small industrial power reactor 
for which bids have recently been taken. 

During the 1959 hearings of this committee I was in Europe evalu- 
ating possible applications for small powerplants which had been 
developed by our associates over there. The results were so disap- 
pointing that by mutual agreement we dissolved the association. The 
prospects for the application of small nuclear power plants abroad are 
so limited as to be of almost no interest for the present. 

It appears that Alco’s work in the field of nuclear power engineer- 
ing will continue to be almost entirely on the Army’s nuclear program. 
We are quite pleased, therefore, to see this program as one of the topics 
on which the committee particularly desires discussion this year. 
You may recall that Alco Products made a policy decision to stay 
in a preferred range of 1 to 20 mwe. where we have been building 
ee for over 100 years. In the Army designation we are 
builders of medium, not. small, plants. We are happy to be the major 
supplier of medium plants to the Army. The association has been 
productive if not profitable. Unfortunately, the Army has a very 
limited budget and has also other contractors who are in somewhat 
the same situation as ourselves. 

Alco’s other nuclear activity has been the supply of components 
for nearly all of the nuclear powerplants built or building in this 
country. Manufacture of equipment actually exceeds in dollar value 
our work in complete nuclear powerplants. I realize that this com- 
mittee is primarily concerned with programs rather than hardware, 
but I am sure you appreciate the fact that the manufacture of the 
hardware is a business which also entails expensive preparation. The 
volume of this business is dependent on the total construction of 
nuclear powerplants and just now is a subject of some concern to 
industry. 

As a supplier of medium powerplants to the Army we have com- 
pleted the SM-1 (former APPR-1 at Fort Belvoir) ; the design and 
nuclear portions for the SM-1A in Fort Greely, Alaska, which are 
now being installed, and the PM-2A, which is a skid-mounted port- 
able powerplant to be installed in a remote arctic location during this 


coming summer. Components for this unit are now under test at 
our Dunkirk, N.Y., plant. 
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Incidentally, I very much hope we will have a number of the mem- 
bers of the committee up in Dunkirk for a look at the PH-2A next 
month. 

In addition to these plants, we have contracts for the design of the 
SM-2, a larger and more advanced type of pressurized water plant. 

Repr esentative Van Zanpr. Is your plant located on the New York 
Central tracks? 

Mr. Leecerr. Yes. 

Representative Van Zanpr. What about Dunkirk? 

Mr. Lecerrr. The Dunkirk plant is between Erie and Buffalo and 
the New York Central does go through Dunkirk. 

Representative Van Zanpt. While traveling on the New York Cen- 
tral Railroad the other day I recall seeing the plant. 

Mr. Leacerr. Yes, sir. 

I believe that the committee is aware of the capabilities of the 
nuclear plants we have built. We are gratified at the success that we 
have had with them. We completed the first plant ahead of schedule 
in less than 31 months. The Fort Greely plant was to be completed 
in 24 months, but was delayed by labor troubles in Alaska. The 
PM-2A contract called for delivery in 16 months and is scheduled for 
operation at the site in 20 months. We don’t recommend a schedule 
this short, but we do understand the situation and are making every 
effort to cooperate with the Army in adapting to the very short build- 
ing seasons in the Arctic. These times are included to show what 

can be accomplished in the design and erection of small powerplants 
compared to the requirements for large ones. 

In spite of what appears to be a successful program, there are, so 
far as we can ascertain, no plants for remote stations in the Depart- 
ment of Defense budgets for 1960 or 1961. Perhaps this should be 
of more concern to national defense than to an individual manufac- 
turer, but it is certainly more obvious in the manufacturer’s forecast 
than in the Department. of Defense budget. Considerable effort has 
been expended by the Army, AEC, and industry in bringing these 
powerplants to their current state of development. After building 
three such plants, Alco is confident that substantial cost reductions 
and technical improvements can be realized by a continuity of such 
development. I think it is pertinent at this point to add that the 
three plants we have built were obtained on fixed price, guaranteed 
performance, competitive bids. I feel I am speaking for our segment 
of industry when I say our most pressing need is something to compete 
for. 

It is generally conceded that there are remote locations where the 
nuclear “powerplant provides the best logistic solution. There are 
geographical areas where the nuclear powerplant even in its present 
state of dev elopment is economically competitive because of the very 
high cost of delivering fossil fuel. ‘The history of all power develop- 
ments indicates that a new type of plant must find such a special situa- 
tion in which to grow and develop and from which it can expand. 

The remote location is the best justification for the small shore- 
based nuclear plant. The issue is confused, however, by the fact that 
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in this area the military is the only customer, regardless of economics. 
There is an understandable reluctance on the part of the military 
forces to include in a facilities budget, which as the Congress is aware 
has always been limited, an item for a nuclear powerplant entailing 
a capital expenditure higher than required for conventional type of 
powerplant. This reluctance is increased by the fact that the high 
fuel cost for a remote location does not show against a particular job 
but is prorated over many accounts. I am not criticizing the account- 
ing system. I simply observe that in this particular instance it serves 
to remove an incentive for the installation of a nuclear powerplant. 

In connection with most nuclear ventures both here and abroad, it 
is customary for governments to provide an incentive of some kind, 
generally money, to overcome the cost differential between the con- 
ventional and the nuclear powerplant. The idea of providing such 
an incentive to the Department of Defense to go ahead with the devel- 
opment of shore-based nuclear power stations is not new. It has been 
rejected largely, I think, on the philosophy that if the Department 
of Defense feels that the development of these powerplants is impor- 
tant they are in a position to budget for them. In the case of the 
Navy, this has been done, because there is a clear-cut case, particularly 
in submarines, for the nuclear powerplant. The Army has carried 
on a limited program in the past, but for the future it does not appear 
to exploit to the full even those remote locations under the Depart- 
ment of Defense which are economic or close to being economic today. 

I tried to make clear, Mr. Chairman, that this is an across-the-board 
program and not just an Army program. 

Mr. Ramey. As you know, the Commission is making a study of 
these remote base plants and we are due for a report on them April 1 
of this year, which will be in between our authorization hearings, 
with some idea of considering these plants if authorization did seem 
to be justified. We also have been apprised of the fact that in the 
Navy they had considered going in for a plant with the Navy paying 
the conventional amount for a land-based plant such as at Guam, with 
the AEC paying the differential; but, as your statement implies here, 
apparently that whole onus was put on the Navy to put up the capital 
amount, and therefore they dropped it. 

Mr. Leccerr. That is my understanding. I am delighted to hear 
that your reporting date is as early as the 1st of April on this. I did 
not realize it was quite that soon. If there is to be an Antarctic plant 
particularly, the schedule will have to be pushed along or we lose 
another building season in the Antarctic. 

Chairman Anperson. There is a great deal of interest in the Joint 
Committee in the type of plant that might be available for the Arctic 
areas, particularly the Antarctic; and also a desire on our part to in- 
vestigate what might be done in a place like Guam. It did seem too 
bad that the program there was sort of canceled because of the high 
initial cost without an examination as to whether that high initial 
cost might eventually be repaid by a lower operating cost. The mat- 
ter is not yet settled by a long way. 

Mr. Leccerr. This is one of the accounting system points that I 
wanted to bring out in my statement this afternoon. There is quite 
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a difference in the facilities budget and the operating budget of the 
various services. 

Chairman ANnprrson. Yes, indeed. The situation with Guam is 
that there might be, and undoubtedly would be, a higher initial cost 
for the installation. There also might be a very substantial saving, 
because of the very extremely high cost of bringing in fuel. We hope 
that there might be some balancing of the two along with some credit 
for the research and development that would go into that sort of 
plant. We would spend some money on it no matter where it was 
built. 

We were only sorry that time had not seemingly permitted it to be 
worked out. I do believe that Mr. McCone is sympathetic. He cer- 
tainly got some encouragement from Mr. Van Zandt and some of the 
rest of us. 

Mr. Leccerr. The whole tenor of our paper is that we are not 
going to get there if we don’t build some powerplants. 

Representative Van Zanpr. This program impresses me, especially 
because of my experience in war. I recall in World War IT how they 
dragged these huge generators into the area and then fed them with 
oil, necessitating a constant line of communications to supply the oil. 
Under this program one can move in one of these small packaged 
reactors and you get the needed energy. In time of war costs mean 
nothing. 

Mr. Leccerr. Yes. We think this is particularly pertinent in the 
Arctic. I would now like to show you an artist’s conception of the 
nuclear powerplant which we are now building, installed in a re- 
mote Arctic location. This plant, as you can see, is below the snow- 
line in tunnels in the ice. We have found out late in the program 
that the reactor does have to have vapor containment which shows 
in this cutaway view even in this remote location. So we are build- 
ing the vapor containment. Steam from the reactor and steam gene- 
‘ator skid goes into the steam turbine and then into the condenser. 
Part of the steam goes into this heat exchanger to produce heating 
steam so that you don’t contaminate the whole system with return 
water from the heating system. 

The control skid (item 2), the feedwater skid (item 4) and the air- 
blast coolers are located in cross tunnels as shown. 

The physical progress on construction and test of PM-2A is illus- 
trated by these pictures. The reactor skid which is shown here dur- 
ing construction is as of today ready to move into the test area at 
Dunkirk. To keep within weight limits this unit is actually made 
up as two skids bolted together. The assembled plant—you may 
have to look at the picture attached to the statement—is a little sur- 
prising when you first see what is labeled as portable. It is portable 
though. It is built on skids, designed so that it will go into an exist- 
ing aircraft which can be landed on the ice. But it takes up quite 
a bit of space. It is a little bit shocking to see it the first time. How- 
ever, it is as good as it was planned to be and it compares very favor- 
ably in total overall weight and volume with a 1-year supply of fuel 
which has to be hauled in the same way for a conventional plant. 
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cs) Vapor container housing primary system 
package 


@ contro! console and switchgear package 
Se Turbmne-generator pechage 

9° Feedwater package 

8 Condenser peckage 

G Heat exchanger package 


@aj blast cooler packege {one of three! 
with exhaust ducts 


@ Exhaust ducts of additional ait-blest coolers 


Artist’s conception of skid-mounted portable nuclear powerplant installed in 
remote arctic location. 
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Now I show you a curve, Mr. Chairman, which we have made up to 
show annual savings which can be realized with a nuclear plant. For 
a particular location, namely, McMurdo Sound, where diesel fuel is 
listed in your hearings of last year as costing $2.61 a gallon. You can 
see from the curve there would be a saving of $1,820,000 annually on 
nl powerpl: unt which costs $3.2 million installed. 

Chairman Anperson. It would take less than 2 years to pay for it. 

Mr. Leccerr. That is correct. This is what shows on this chart. 
We have another curve which I now show you indicating Just how 
long it would take to pay for it or where you break even again. In 
all honesty I should tell you these charts are made out on a 20-year 
amortization basis which is common practice and I think is the same 
basis that Dr. De Hoffman used for his tanker. Actually, as you 
can see, in one and three-quarters years you will realize a saving 
equal to the value of the plant. 

I am sure the committee appreciates the fact that these charts are 
based onestimates. I won’t even claim that the estimates are unbiased. 
Cost of fuel, or installation and many other factors are difficult to de- 
termine. Eventually, the using services must provide this kind of 
information and analysis. Still it would seem that there are situa- 
tions where a reasonable justification can be made. A program for 
these areas would lead to cost reductions, wider application, more 
reliable and fully developed plants available when needed. 

Accordingly we urge that this committee encourage the formation 
of a program in the Department of Defense or jointly between the 
AEC and the Department of Defense for a program which will insure 
the continuing production of small shore-based military powerplants. 
We think that a modest fund in the hands of AEC to offset the effec- 
tively “free fuel” offered by the current appropriation system would 
be constructed to this end. We would also urge that the development 
fund of $15 million which appears in the Army reactors program 
of the AEC be substantially increased. 

In spite of the seeming disillusionment in some quarters of the in- 
dustry, we at ALCO are still enthusiastic about the future of nuclear 
power. It appears to me to have developed at a faster pace than any 
previous fuel or power generator in history. I believe this rate of 
development will continue now because our Government does have 
an appreciation of the importance of this source of energy and will 
continue to support it, and eventually because it will provide the best 
economic solution to power production. 

Thank you very much. 

Chairman Anperson. Thank you, sir. You have said some things 
that are very interesting. 

Dr. Morganstern. 
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— 


STATEMENT OF KENNARD H. MORGANSTERN, RADIATION 
DYNAMICS, INC. 


Dr. Morcanstern. Mr. Chairman, gentlemen, thank you for staying 
over for me. 

Chairman Anperson. I am awfully sorry we have made you wait 
so long. 

Dr. MorcGanstern. It is a distinct pleasure to meet with you this 
afternoon and to have an opportunity of discussing the radiation 
field from the perspective of an accelerator manufacturer. 

As a matter of background, I am Kennard H. Morganstern; I re- 
ceived my Ph. D. in nuclear physics from Washington University in 
1951. As early as 1950 a fellow graduate, Dr. Wilfred Konneker and 
I started a small company called Nuclear Consultants, Inc., which 
was set up to assist industry and the medical profession in applying 
the new tools of radioactive isotopes. Ina matter of a few years, with 
a very strong assist from Oak Ridge, our organization became the 
second largest user in the country of two widely used medical isotopes, 
I*** and P*?, and we were assisting over 200 medical institutions and 
physicians as their physics consultants. Although our principal activ- 
ities were in the medical field, we pioneered many industrial isotope 
applications, for example the use of radioactive sodium to determine 
droplet carryover of solids in large evaporators used by Union Elec- 
tric Co. in their steam generating plant; the use of Co to gage the 
interface of molten steel in a copula for Key Co. and the tagging of 
“bucking bars” for McDonald Aircraft for their rapid location. This 
latter problem represented, we believe, the first wide-scale use of 
labeling in an industrial plant; some 20,000 bars were successfully 
tagged. 

I might say the purpose here was to identify these bars prior to the 


actual flight test of a plane. It turned out there was a coincidence 


that every time a plane crashed during flight testing, there was a buck- 
ing bar lying in the wreckage. Consequently, the bars were tagged 
and the plane surveyed to make sure that none were there before the 
flight test. 

I cite the above to indicate that I have a healthy respect for the 


remarkable accomplishments of the “peaceful atom” and there are | 
certainly many areas where radioactivity can be used to good ad- | 


vantage. Conversely, there are areas where it is not indicated or 


where its use is of doubtful value, and I should like to direct my | 


further comments to this latter case. 


Since June of 1958 I have been president of Radiation Dynamics, | 


Inc. This is a new company organized to commercialize a new pat- 
ticle accelerator, the Dynamitron. 

The Dynamitron is the brainchild of my present associate, Dr. 
Marshall R. Cleland, also a graduate of Washington University. 
Although I had followed Dr. Cleland’s development of his invention 
from its inception in his basement back in 1952, it wasn’t until the 
spring of 1958 that I became associated with him. At that time, he 
was able to demonstrate the feasibility of his high-voltage technique 
and it appeared to me that this could be an important breakthrough in 


radiation costs. 
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I might say Dr. Cleland’s development of this accelerator was really 
remarkable. This was liter ally a basement development with no large 
Government laboratory or any laboratory at his disposal and very 
limited financial support. What support he did get came from a lim- 
ited number of physicians, all of whom it turns out are constituents 
from Mr. Price’s district. 

The Dynamitron accelerator has now been brought to a commer- 
cial status and represents the investment of approximately $650,000 
of private venture capital. We feel we have a great or and it is 
being actively promoted in a number of industr ial are 

The natural question in your mind is: “Well, fine, but what has this 
got to do with atomic energy?” Just this, our main competitor ap- 
pears to be the Atomic Energy Commission. 

At the beginning I wish to make it erystal clear that I don’t be- 
lieve this competition is due to a concerted effort on the part of the 
AEC to compete, but it is a natural consequence of a limited portion 
of its radiation development program. Certainly the remainder of 
the program to promote industrial applications of radiation is of 
immediate and long-range benefit to all. 

We don’t object to competition, if it is fair, but in this particular 
case we are at a definite disadvantage. For example, we are compet- 
ing with an isotope technology subsidized in the main by the Govern- 
ment. Iam referring to the technology of massive radiation sources. 

With a public relations effort which has convinced the layman that 
radiation Is Synonymous with atomic energy and with future isotope 
cost estimates based upon questionable assumptions, it makes our sales 
task doubly difficult, for we have to dispel the erroneous impression 
of high radiation costs that most lay engineers have received from 
AEC announcements. 

I stated my objections to this situation last year in a letter to the 
editor of Nucleonics; the same issue carried a reply from Dr. Paul 
Aebersold of the AEC. Subsequently a rebuttal by Mr. Alfred Bur- 
rill of High Voltage Engineering Corp. appeared in answer to Dr. 
Aebersold's letter. I should like to include this exchange of letters 
in my testimony this afternoon. Rather than read the exch: ange of 
letters in my testimony this afternoon, perhaps I can summarize them. 

(The data referred to follow :) 


NUCLEAR REACTIONS 
A CASE OF STUNTED GROWTH ? 


Dear Sir: That the application of radiation as an industrial tool is becoming 
of increased interest to both Government and industrial organizations goes 
Without saying. However, as is often the case with a new technology, it is 
important that in its early growth nothing be done to stunt the growth pattern. 

Unfortunately, I believe that such is the situation with regard to the AEC’s 
position on radiation applications. In particular, I should like to direct myself 
to its position on massive radiation applications. 

The long-term goals established for the Office of Industrial Development, 
hamely, to develop markets for isotopes, fission products, and reactor energy, 
is commendable. Obviously, our infant reactor field would gain immeasurably 
if the waste products could be directed to practical uses. However, I believe 
that the method of achieving this goal bears careful scrutiny. 

My contention is that in this field, as in all other economic areas, the law of 
supply and demand still holds. Consequently, the best and quickest way to 
achieve the long-range goal of the AEC is to help foster and dev elop the markets 
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and requirements for many kilowatts of radiation energy. Further, I believe 
that, having developed requirements for megawatts of energy, the AEC can 
step down and let American industry and ingenuity determine the best and most 
economic means of satisfying these requirements. 

Instead, the AEC, through its industry development program, is trying to 
go the route of isotopes and reactors regardless of the practical economics 
today, tomorrow or even years from now. The end result. I believe, will be to 
the detriment of American industry and to the AEC’s long-range goal. 

If, as I feel will be the case, the programs now being sponsored by this agency 
result in ascertaining technical feasibility, but with the qualifying statement 
that the economics does not justify industrial application today because of high 
isotope costs, then many industrial engineers who might have been interested 
will shelve their projects awaiting the lower projected costs. 

The end result will be to delay practical radiation applications and to shrink 
the potential demand for large quantities of radiant energy. 

As a manufacturer of high-voltage accelerators, we naturally are concerned 
with this matter. Almost daily we have seen situations develop where radiation 
energy can play an immediate role if the cost is right. And for many applica- 
tions, it can be proven that machine radiation is cheap enough today. 

If the AEC wants to play a vital role in this field, let them support these 
practical programs and thereby develop immediate as well as future needs. But 
to offer support obliquely, prejudicing themselves in favor of isotopes and reac- 
tors, is to do a disservice to the radiation-application field. In addition, manu- 
facturers like ourselves are put in a position of countering erroneous impressions 
regarding radiation costs that result from AEC emphasis on isotopes. 

Further, since the AEC is a Government agency, whose activities are financed 
by all the taxpayers, why should they choose an arbitrary position that defeats 
their long-range goal and at the same time unfairly fosters a Government-sup- 
ported competitor of accelerator manufacturers? 

It is as if they ask us to help furnish the funds to bet on their horse in a 
horserace in which we have our own entry. Considering the lameness of their 
horse in today’s race, the whole thing appears rather ludicrous. 

KENNARD H. MORGANSTERN, 
President, Radiation Dynamics, Ine. 


[Eprror’s Note: A reply from Paul Aebersold, Director, AEC Office of Iso- 
topes Development, solicited by Nucleonics, follows. ] 

Dear Sir: We welcome the opportunity to respond to Dr. Morganstern. 

Dr. Morganstern questions the approach being followed in the Commission’s 
program, for developing industrial applications of high-intensity radiation. We 


consider this phase of the isotopes development program to be relatively long 
range and believe that radiation energy offers promise as a processing tool, as | 


diverse in its capability as temperature, pressure, and catalysis. 

The industrial radiation program is twofold. First, it is aimed at develop- 
ing technology for radiation processes through research and development at 
AEC national laboratories and through contracts with industry and research 
oganizations. Second, this program is aimed at developing radiation engineer- 
ing parameters, such as utilization efficiency, dose distribution and safety, re 
lated to the utilization of quintalcurie and megacurie quantities of radioisotopes 
for radiation processes. 

Dr. Morganstern is in agreement with the first aim; i.e., the development of 
“markets and requirements for many kilowatts of radiation energy.” Any ad- 
vances in this area will, of course, be of benefit to the total radiation industry 
including machine manufacturers. 

It would appear that Dr. Morganstern is taking exception to the second pro- 
grammatic goal, the development of large radioisotope sources equivalent to 10's 
of kilowatts of machine power. Dr. Morganstern’s point is that AEC attempts at 
developing engineering parameters of high-intensity radiation sources should in- 
clude machine technology. 

In this regard, it should be observed : 

(1) The high-voltage accelerator industry has developed to its present ad- 
vanced state partly as a result of use of such accelerators in Commission pro 
grams in chemistry, physics, biology, and medicine. This is a free competi- 
tive industry, although Government or Government contractors are major pur- 
chasers. In contast, high-intensity radioisotope sources for radiation processing 
are in an early state of development, and AEC is the sole U.S. producer. The 
AEC has a broad responsibility to develop peaceful applications of atomic energy. 
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It is the AEC purpose to bring the technology of high-intensity radiation ap- 
plications up to a level that will permit the establishment of a free enterprise 
radiation production and utilization economy. 

(2) Contrary to the implications of Dr. Morganstern’s letter, high-intensity 
radioisotope sources are not competitors of machines per se. For some particular 
processes, it doubtless will prove true that only machines should be considered ; 
in other instances high-intensity beta and gamma sources will be preferred for 
technical reasons such as depth of penetration, uniformity of treatment, more ef- 
ficient source geometry and absence of induced activity. 

(3) The economic situation is not as clearcut as Dr. Morganstern implies. 
Only hypothetical economic analyses exist comparing costs of radioisotope 
sources and machines. These comparisons do give machines the edge, but only 
in a broad sense, and not by orders of magnitude. 

In summary, the AEC industrial radiation program will establish those con- 
ditions that will permit the normal growth pattern in the radiation industry 
that Dr. Morganstern advocates. 

Pau C. AEBERSOLD, 
Director, Office of Isotopes Development, 
U.S. Atomic Energy Commission, Washington, D.C. 


NUCLEAR REACTIONS 
A PARTISAN FOR PARTICLES 


DEAR Str: The recent letters of Drs. K. H. Morganstern and P. C. Aebersold 
(NU, June 1959, p. 6) have introduced a timely discussion regarding the rela- 
tive usefulness of radioisotopes and particle accelerators for industrial proc- 
essing. * * * 

In the interest of clarity, I should like to comment on Dr. Aebersold’s letter, 
in which he discussed three major contributions made by AEC to the broad 
field of radiation utilization. 

(1) It is true that AEC has sponsored research in physics, chemistry, biology, 
and medicine, using high-energy particle accelerators. With very few excep- 
tions, however (in fact, high voltage sales reflect no exceptions), these parti- 
cle accelerators have been of the positive-ion variety or have been low-in- 
tensity electron machines for basic research. High-intensity Van de Graaff 
development has been sponsored almost exclusively by industry or through high 
voltage’s own research program. 

To the best of our knowledge, the resonant transformer and the Dynami- 
tron developments have been similarly sponsored. Our knowledge of the 
linear-electron accelerator comes from extensive developments supported vy 
Office of Naval Research. The programs currently being undertaken by the 
Army Quartermaster Corps and the National Institutes of Health represent 
two other Government activities not sponsored by AEC. 

We can only conclude that, whereas AEC has indeed promoted the general 


field of particle acceleration, its contribution to low-cost, high-powered elec- 
tron machines has not been significant. 

2. We would like to take issue with Dr. Aebersold’s comment that “high 
intensity radioisotope sources are not competitors of machines per se.” In 
the fields of industrial radiography and cancer therapy, isotope sources are 
directly competitive with supervoltage machines in a most aggressive sense. 
Only the established low cost of cobalt 60 makes this competition possible. 
How realistic this cost is, as measured in terms of normal commercial practice, 
is conjectural. 

In a powerful, indirect sense, the technical information released by AEC 
has tended to confuse the market and hence has caused deferment of many 
important projects. The exploitation of small cobalt sources for research has 
given a false sense of participation to a number of companies, despite the fact 
that these small sources offer neither the dose rate nor an approximation to 
industrial processing conditions that would make an extrapolation realistic. 

3. We agree wholeheartedly with Dr. Aebersold that the economic situa- 
tion is not clear cut, but we take issue with the reasons he gives. The eco- 
homics of particle accelerators are well known today. These machines are 
Sold on a fixed-price basis with firm costs of construction for industrial proc- 
esses. The results are being proved in the field on a rather large-scale basis. 








Based on our present knowledge and our demonstrated ability in the past to 
predict, new developments in particle accelerator techniques can be promised 


on a guaranteed basis. What clouds the situation is that the projected costs S| 
of radioisotope installations are hypothetical and incomplete, as seen by ex- a 
perienced designers of accelerator installations. e 


Equipment providing penetrating radiations at capital costs well below 
$10,000 per kilowatt are being quoted by us today for installation within the 
next few months. 

Based on the equivalence of 70,000 curies of cobalt per kilowatt of ionizing | A 
radiation (this assumes an efficiency of isotope utilization much greater than | js 
can actually be realized today), the cost of cobalt would have to drop to 14 cents 
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per curie to become competitive. It is doubtful whether this isotope could even al 
be shipped from the nuclear reactor to the industrial installation for this 
amount. Furthermore, accelerator developments now under way in our plant | m 


can substantially lower current capital costs per kilowatt of radiation. 
Our attitude with respect to the AEC Office of Isotopes Development should 


not connote our disagreement with their basic goal, that of developing wide | p' 
spread application of radioisotopes in science and industry. We believe that | 
AEC is conducting an extremely important program in that direction. Our ob- i 
jection is that AEC is concentrating too much effort in an area already being 
served by a growing accelerator industry. . 
E. ALFRED BURRILL, Je 
Vice President and Sales Manager, High Voltage Engineering Corp., 
Burlington, Mass. ch 
Dr. MorGanstern. In my letter I pointed out that the long-range 
goals established for the Office of Industrial Development of the | At 
AEC, namely, to develop markets for isotopes, were commendable | ol 
but I questioned the method. HH 
Again I would like to point out that we are not questioning the th 
wisdom of securing basic information on radiation nor the applica- ye 
tion of isotopes as tracers, but rather that limited portion the pro- z 
gram which seeks to promote cobalt 60 as a method to be used for . 
massive radiation applications. I feel that what we have here is an As 
honest difference of opinion as to how on should go about developing vot 
a market. cel 





Coming back to the letter, I felt that in order to develop a market 


for isotopes, a megacurie market, the practical economics of radia- | ™" 
tion processing would have to be proven out. And further, I felt | "° 
that practical economics would come faster with machine radiation sai 
than with isotope radiation. Consequently, I suggested that the 
fastest way to achieve the long-range goal was to help develop those 
markets requiring many kilowatts of radiation power regardless of : 
source; once the market was there, isotope radiation would find its on 
proper place. Instead, I think we have a “dog chasing its tail” situ- hay 
ation where the AEC is supporting engineering techniques for large elec 
sources, and the economic feasibility based upon large isotope pro- In 
duction, but nowhere is there any development of tangible require- los 
ments for large amounts of activity. $50 

I might say an analogy might be drawn between what I believe is hay 
going on here and with what “happened regarding the small car and | “Y 
the Big 3 in Detroit. I believe that if the small-car market had} CY 
not been stimulated by the import of small cars and the requirement of : 
not developed by these imports then Detroit never would have de- - 
veloped the m: arket solely by issuing economic surveys indicating the whe 
cost. savings that would result from using small cars. I think the f I 
need has to be there first. Then you have the market development, 9 
and the same situation applies with regard to the radiation proc- nati 


essing field. f 
or 
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In addition, I felt that the results of many of the AEC’s economic 
surveys are discouraging to many potential industrial users since they 
always seem to indicate economic feasibility some time in the future 
and only after a number of hypothetical things take place. 

Dr. Aebersold’s answer made three points: 

The isotope technology was new, the accelerator field old, and 
AEC had already indirectly supported the accelerator manufacturers. 

2. Isotope radiation is not directly competitive to machine radi- 
ation. 

The economic situation is cloudy and not clear cut in favor of 
machine radiation. 

In rebuttal, Alfred Burrill of High Voltage Engineering Corp. 
— out that: 

. The AEC has not supported high intensity electron accelerators. 

2 Isotopes and machines are directly competitive in many areas. 
3. The economic situation is cloudy only because the AEC’s pro- 
joc ted prices include many assu mptions. 

Whereas, accelerator manufacturers have firm prices on their ma- 
chinery today. 

Often, in justification for Co support it is pointed out (as in Dr. 
Aebersold’s letter) that isotopes are new, whereas accelerators are 
old. 1 believe it is important to realize that the contrary is true. 
High power electron accelerators are only now beginning to reach 
the market, whereas large Co © sources have been available for many 
years. 

For ex: umple, you have a quarter million curie cobalt 60 facility at 
Cook Electric in Chicago, cael it has been there for a number of years. 

As a result, the isotope technology is certainly as fully developed 
today as is the high current electron beam technology in the ac- 
celerator field. 

Second, as Mr. Alfred Burrill states, the competition between Co 
and machine radiation is real and direct. For example, take the 
now defunct Stockton facility of the Quartermaster Corps; 2,500,000 
curies of Co” were programed for the facility. 

Chairman Anperson. That is for food irradiation ? 

Dr. MorGanstern. That is correct. 

Although, it was never clear to me who was to bear the cost of this 
material in today’s market at $2 per curie for Co®, the source would 
have cost $5 million. We are presently quoting on a 3.0-mev., 30-kw. 
electron accelerator which when converted to X-ray production, and 
I might say this conversion is an inefficient conversion because you 
lose 90 percent of your power, has a yield equivalent to approxim: itely 
450,000 curies of cobalt 60. Therefore, six of our machines would 
have accomplished the same task—at a cost of $720,000—a sevenfold 
saving. In fact, the replacement of cobalt 60 due to radioactive de- 
cay—approximately 12 percent per year—would pay for a new set 
of accelerators each year. 

Chairman Anpverson. Does that not have some bearing on this 
whole program of food irradiation ? 

Dr. Morcanstern. Very, very definitely. I think it would be woe- 
fully neglectful not to include machine irradiation. I am not talking 
about the linear accelerator of 20 million volts, but machine radiation 
converted to X-rays and thus directly competitive with cobalt gammas 
for the food irradiation program. 
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I will concede that there are some situations where cobalt 60 might 
be advisable, other than as a tracer, but they are few and far between 
and we have seen not a single one in our consideration of practical 
industrial applications. 

As we see the picture, future Co® costs will have to come down to 
approximately $0.30 per curie to compete with our X-ray costs 
dar. and to $0.06 per curie to compete with electron beams of 
radiation energy output basis. And certainly, it is unreasonable to 
assume machine costs cannot come down also, as sizes and quantities 
increase. 

We would like to find a requirement for a 100-kilowatt accelerator. 
We think it is completely feasible and its cost would be $2,000 per 
kilowatt. On this basis cobalt 60 would have to come down to 3 
cents a curie, The AEC recently sponsored a research program w ith 
the General Nuclear Engineering Corp. to see what production costs 
would be entailed in designing a reactor to produce cobalt 60, the best 
cost estimate was $0.43 per curie as the basic production cost—not 
the sales price. 

Why then this concentrated emphasis on cobalt 60 as the radiation 
source of choice for massive radiation tasks? There are commercial 
organizations with facilities available today for making cobalt 60, 
such as General Electric and W estinghouse. Certainly if and when 
there is a substantial market for cobalt 60, they would willingly de- 
velop the engineering techniques necessary to sell the cobalt 60 w ithout 
Government assistance. 

If, on the other hand, the AEC deems it of national importance to 
see radiation processing grow rapidly, then I would respectfully 
suggest that support be given the following. 

One, the high-intensity radiation laboratory which is being pro- 
gramed at Brookhaven should include machine sources as well as 
cobalt 60 in order to get a well-represented view of all sources of 
‘radiation. I now understand this is being programed, although it 
was not so indicated in the latest AEC announcements. 

Two, the food preservation program when it gets off home plate 
should include machine sources as well as cobalt 60. 

Again I would like to stress I am talking about machine sources 
in which you have converted to X-rays and you have an equivalent 
type of penetr: ition to that from cobalt 60 g: ammas. 

Three, radiation technology as an engineering field should be sup- 
ported, as is reactor technology, by setting up academic programs in 
engineering schools and providing the schools with r adiation labora- 
tory equipment which can simulate “on stream” industrial use. It 
seems to me we have a goodly number of reactor courses and very soon 
we are going to have a goodly number of reactor engineers, and I 
doubt if we will have enough reactors going in this country to satify 
them all. I honestly think there will be a more pressing need for 
people who have been trained as radiation engineers, and to date there 
is no program in existence in the country that I know of. 

Fourth, areas should be sought where, with a slight lowering of cost 
radiation, processing can be proven practical and let this help to be 
the “lead dog” to widescale industrial use even if the radiation proc- 
essing involves machine radiation rather than isotope radiation. 
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In closing, I would like to say, as I indicated at the beginning, that 
many of the present AEC side acts are of immeasurable value since 
they are producing basic information on interaction of radiation with 
matter. Weas accelerator manufacturers certainly welcome this fund 
of information. 

Gentlemen, again my thanks for inviting me to testify. 

Chairman Anperson. Thank you for being here. 


Dr. Aebersold, I would appreciate it if you would submit some com- 


ments on this statement. 1 would like to have some comments on the 


food irradiation because I have been very anxious to see that program 
vo on, although not in charge of the Army. 


Dr. MorcGansrern. I agree with you. 


It has been awfully discour- 
ing to us. 


We were talking to three separate governments and it 1s 
our own personal feeling that food preservation will come faster out- 
side of this country than in this country because of lack of refrigera- 
tion in underdeveloped countries. These were three countries very 
exc ited about the prospects, and all three of them have cooled off con- 


siderably because of this fiasco with regard to the Quartermaster pro- 
gram. 


Chairman ANDERSON. 
we can. 

We will resume at 10 o’clock tomorrow morning. 

(The comments referred to above follow :) 


It is very desirable to correct that as fast as 


U.S. Atomic ENerGy CoMMISSION, 
Washington, D.C., March 25, 1960. 
Mr. JAMES T. RAMEY, 


Ezecutive Director, Joint Committee on Atomic Energy, Congress of the United 
States. 

Dear Mr. Ramey: At the February 18 session of the 202 hearings, we were 
asked by Senator Anderson to submit comments on the statements of Kennard 
H. Morganstern, Nuclear Consultants, Inc. Such comments are set out below. 

It has been suggested that because machines are commercially available and 
radioisotopes are not, and because machine radiation power costs are lower 
than isotope power costs, the Commission should not pursue isotope source tech- 
nology development. Such a suggestion presumes that machine and isotope 
sources are directly comparable and are competitive. 

Comparison of machine and radioisotope sources cannot be readily made with- 
out certain technical considerations. ‘These are: 

(1) depth of penetration of radiation ; 

(2) uniform radiation of large packages ; 
(3) dose rate; 

(4) throughput; and 

(5) activation of product being irradiated. 

Gamma and X-radiations are much more penetrating than electron or beta 
radiations. Therefore, gamma emitting radioisotopes such as cobalt 60 and 
cesium 137, have much higher penetration characteristics than machines. 
Machines can be used to produce X-rays. However, the efficiency of conversion 
of electronics to X-rays is only about 10 percent at the energies usually consid- 
ered for machines. At high electron energies where X-ray conversion efficiencies 
are greater, it is theoretically possible to induce radioactivity in target materials. 

Low penetration of electrons and beta rays is advantageous for treatment of 
thin materials because then most of the energy is usefully absorbed in the 
product. 


Uniformity of radiation can be achieved with electron machines through beam 
Scanning techniques and with isotopes through construction of extended sources. 
Large radioisotope sources deliver dose rates about 10° or 10* times lower than 
delivered by machine sources. For certain radiation processes, low dose rates 


are known to be necessary because the chemical reaction occurring is dose 
rate dependent. 
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For low throughput, low dose processes, machine sources may be technically 
unfeasible because of control problems due to very high dose rates and short 
dwell times in radiation fields. Minor fluctuations in conveyor speed may 
result in a high rejection rate. 

The activation of irradiated materials is possible with high energy electrons 
with some of the X-rays they produce, and also with certain radioisotopes 
having high energy radiation. Cobalt 60 and cesium 137 are safe from this 
point of view. 

Besides the technical factors already discussed, one must consider economic 
ones. The usual comparison of machine and isotope sources ignores technical 
factors and considers only cost per kilowatt-hour. Such a comparison, without 
reference to efficiency of design and operation and process technical require- 
ments, is virtually meaningless. 

A study prepared for the Commission in January 1960 estimated the following 
operating costs for machines and radioisotopes : 


[Cost per kilowatt-hour] 


Source | 


3 kilowatts 
delivered 


30 kilowatts 
delivered 


Cobalt 60 $8.70 | $2. 95 
Cesium 137 10. 50 | 4.35 
Machines (1.5 to 3 Mev. aad 7. 7 1. 70 


Cost for all of these sources may be expected to decrease. 

Machines are least expensive on a cost per kilowatt-hour delivered basis, but 
for a process requiring deep penetration, for instance, either electron energy 
would have to be greater than 3 Mev., which increases cost per kilowatt-hour, 
or electrons would have to be converted to X-rays which, at only 10 percent 
efficiency, increases cost by a factor of 10. Obviously, taken out of context, these 
costs have little significance. Given the technical requirements for any particu- 
lar process, it is clear that each radiation source will have to be evaluated 
independently. 

It should be noted that millions of curies of radioisotopes will be produced 
in the foreseeable future. The Commission, through the Office of Isotope Devel- 
opment and its industrial process radiation program, is attempting to find ways 
to put this huge radiation power resources to work. 

Heretofore, a few radiation applications, such as crosslinking of polyethylene 
insulation to improve its thermal stability and sterilization of sutures, have 
achieved commercial feasibility. These mostly employ electron machines as 
sources of ionizing radiation energy. This does not mean that these machines 
are necessarily superior to cobalt 60 and fission products because : 

(1) technology of fission product sources is not adequately developed ; 

(2) sufficient processed fission products for industrial radiation process 
research and development are not available: and 

(3) present costs of fission products are high. 

The Commission is the only producer of separated fission products in the 
United States. Therefore, it has responsibility for developing the technology for 
fabricating and using such sources. The Commission has the same responsibility 
in regard to cobalt 60 since cobalt 60 is an interim radiation source necessary for 
research and development purposes until separated fission products are available 
in full supply. Research and development necessary for design of large cobalt 
sources for pilot plant and demonstration uses is the Commission’s responsibility. 

The present U.S. capacity for processing fission products is low. It would 
take over 2 years of continuous operation of the fission products pilot plant to 
produce cesium 137 equivalent in power to 100,000 curies cobalt 60. It would 
take 25 to 30 years to accumulate enough cesium 137 to equal the power output 
of a 15-kilowatt electron machine. Such a machine can presently be purchased 
an off the shelf item from any one of several private companies. 

Sincerely yours, 


as 


R. E. HoLtiincsworrtnH, 
Acting General Manager. 
(Whereupon, at 5:10 p.m., Thursday, February 18, 1960, the hear- 
ing was recessed to reconvene at 10 a.m., Friday, February 19, 1960.) 
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| DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 


e | ENERGY INDUSTRY 
| 
it 
FRIDAY, FEBRUARY 19, 1960 
ig 
CONGRESS OF THE UNITED STATES, 
Joint COMMITTEE ON AtTomMiIc ENERGY, 
; Washington, D.C. 
a The committee met, pursuant to recess, at 10 a.m., in room P-63, the 


. Capitol, Senator Clinton P. 
mittee) presiding. 
70 | Present : Senators Anderson and Aiken; Representatives Holifield 
— and Hosmer. 

Also present: James T. Ramey, executive director; and George F. 
nut | Murphy, Jr., professional staff member. 


rey Chairman Anperson. This morning the Joint Committee is meeting 
ur, 


to receive testimony from witnesses from industry on the development, 
men growth, and state of the atomic energy industry. 


Anderson (chairman of the Joint Com- 


seta Our first witness today is Mr. Pofcher. I am sorry we could not 

ited | take you yesterday afternoon and we appreciate your coming back 
} this morning. 

iced | - 

“vs | STATEMENT OF MUNROE F. POFCHER, PRESIDENT, RADIATION 

APPLICATIONS, INC., LONG ISLAND CITY, N.Y. 

lene | 

nag | Mr. Porcuer. Thank you, sir. 

snes | . My name is Monroe F. Pofcher. I am president of the Radiation 


| Applications, Inc., in Long Island City, N.Y. I appreciate this op- 
| portunity to appear as a witness in connection with your consideration 
ocess 


of the AEC’s program of isotopes and radiation development. 


Radiation Applications, Inc., is a research and development com- 


' 
1 the | pany organized in December 1954 primarily to develop industrial 
y for | applications of radiation energy. From 1 full-time employee in 1956 
on | we have grown to more than 50 scientists and technicians; of this 
fie number, some 20 people are directly involved in radiation processing 
s»obalt | and radiation source technology. 
bility. Our company performs contract research and development for in- 
would } dustry and for a number of Government agencies, including three 
ant to 7 
would | Contracts with the AEC’s Office of Isotopes Development. In addi- 
mitput | tion, we currently devote all available funds from operating income 
chased | and from invested capital to support our own research, most of it in 

the field of radiation processing. 

As I will discuss briefly in a few minutes, our company is now mar- 

ger. keting one result of this research, the first industrial product involv- 
neat ing radiation grafting, and is readying for market 


several other 
9@0.) irradiated products. 


D2OIQ 
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Perhaps as well as any other group, we are familiar with both the 
potential of radiation processing and with the problem of going from 
the test tube to the production line. We live with this every day of 
the year. We have, therefore, studied closely the program of the 
AEC’s Office of Isotopes Development and have considered carefully 
the proper and logical role for the Federal Government in the isotopes 
and radiation field. I should like to share our conclusions with you. 

Let me make it clear at the outset that we are not involved with the 
use of isotopes as scientific and industrial tools; that is, as tracers, 
gages, and quality control instruments. We are directly concerned 
with using the energy of large quantities of radiation, thousands, 
eventually millions, of curies, for purposes of indusirial processes, 
spec ifically to initiate productive and Import: int chemical reactions. 
This is a separate area to which the AEC, under OID's industrial 
process radiation program, is also giving primary attention. 

Some indication of achievements to date and the possibilities of 
radiation processing in the future will, I believe, be helpful. Radia- 
tion processing has already opened up a new class of high-temperature- 

resistant plastic materials vital for use in the electronic and missile 
fields; a number of these materials are currently being sold and others 
are being developed. Many other reactions which are possible in the 
future can be of creat significane e to our national economy. Think, 
for example, of the economic advantage to our Nation should radiation 
processing convert coal into valuable new chemicals and so develop a 
whole new market for this natural resource. Think of the benefits 
which would accrue if new types of chemicals and plastics with supe- 
rior properties were produced, if radiation processing were to give long 
life to wash-and-wear fabrics whose principal drawback now is that 
their finishes are not permanent, if heat-sensitive plastics could be 
cured and rubber-vulcanized on an industrial scale by radiation proc- 
essing. Think what a boon radiation preservation of foods can be in 
certain underdeveloped areas of the world. 

With these possibilities in mind, I would like, if I may, to make 
— three points to you: 

Although the potential is great, radiation processing is still in 
ts infancy and industrial processes in this country are still largely 
in the future. Other countries, as I will discuss, are ahead of us. 

The radiation applications that have been achieved are the result 
of long-term research programs, some extending over many years. 
mee is not a short-term, quick-profit business. 

The success achieved in the use of isotopes as tracers, gages, et 
eubin: should not be permitted to obscure the needs of the radiation 
processing program. 

What are these needs? 
Essentially, we believe that the proper and logical role for the F oe 

eral Government to play is to support developmental research i 

radiation processing; that is, to assist in developing a real unde 

standing of the mechanisms and techniques of using massive quanti- 
ties of radiation energy for peaceful purposes. This is the area prior 
to product research and engineering. Industry can afford to and 
should do product research, but if left alone to « habe the gap between 
basic research and engineering of products and processes, there will 
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be a serious time delay which we believe will be detrimental to the 
national interest. 

In short, we urge that the Congress assure that fully adequate sup- 
port, and of the proper type, be given to the industri: il process radia- 
tion program, and that administrative budgetary pressures not be 
permitted to impede the program. 

I think there are two questions I should answer for you: 

(1) Why should Congress do this ? 

(2) Specifically what type of support is needed ? 

As to the first question, radiation processing is a field that the 
atomic energy program opened up and has mi ade possible. Although 
still new, there is perhaps no other area where a relatively modest 
investment gives such promise of return to the public in terms of 
improved products, new materials, and new processes. Atomic ra- 
diation is one of the most powerful initiators of chemical reactions 
ever discovered. It would be a pity if lack of Government support, 
at a level of perhaps less than 1 percent of the money spent on the 
nuclear power program, delayed the achievement of this promise. 

We believe it is in the national interest that this country keep pace 
industrially with other countries; indeed, more, that it is essential 
that we be in the forefront of industrial progress. 
essing offers a splendid opportunity along this line. 

I have already indicated some of the possibilities. Other countries 
also are recognizing the possibilities. Indeed, from recent interna- 
tional conferences it has become painfully apparent that they are de- 
voting a much greater proportion of their atomic energy budgets to 
radiation processing than we are. The British have ‘already built 
much larger cobalt production devices than we are currently planning 
for a number of years in the future. The quality and quantity of 
work in Russia in the utilization of isotopes, as recently reported by 
Russian scientists at various meetings and conferences, is in some re- 
spects already more advanced than our program, and is being accel- 
erated. Indeed, they are reporting pilot-plant data and the construc- 
tion of radiation production facilities while we are still talking about 
test tube experiments. We are in serious danger of being second best. 
Japan has an active program in irradiation of textiles and Australia 
has a cobalt irradiator larger than any in this country, for the destruc- 
tion of anthrax. These are only a few examples. 

Now, why doesn’t industry do the job if the potential is so great? 
Let. us be clear about this. Industry is doing a job. As I have indi- 

cated, my company is spending a gre at proportion of our limited funds 
on radiation processing researc th. Other companies are spending 
larger sums of money. But there are two problems. 

The first is that we are dealing with a new field of great promise 
and many problems, and, just like in the nuclear power program, a 
considerable amount of long-range development is required. There 
are large gaps in our know ledge of basic mechanisms and techniques. 
He Iping to fill these gaps is, we believe, a proper role of Government 
in a new and dynamic technology. 

The other problem, in our opinion, is that the potential of radiation 
processing is still not well understood by large segments of Ameri- 
can industry. The word “radiation” is a fearful word to manv: it 
is associated with the “magic” of atomic energy. We want the Office 


Radiation proc- 
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of Isotopes Development to help give the field a running start, to act 
as a catalyst, to make sure that the important gaps are being filled, 
until industry can take over fully. This, too, we believe is a proper 
role for the Government. And when you are performing a catalytic 
function, a relatively small amount of money can go a long way. 

Now, specifically, what should be done in the industrial process 
radiation program ¢ 

As I have indicated, the need is for developmental research in the 
important fund: imentals of radiation processing and source tech- 
nology. I mean by this that we must learn how to use radiation 
energy and also that we must develop inexpensive, efficient, and safe 

radiation devices to give us radiation energy in a form we can use. 

Let me explain this last point briefly. 

The important sources of ionizing radiation are fission products, 
reactor-produced isotopes, nuclear reactors, and machine accelerators. 
The first three are in the AEC program, and, insofar as they are use- 
ful for radiation processing, are the direct responsibility of the Office 
of Isotopes Development. 

Now, as you know, you just can’t take fission products as they come 
from a reactor and use them for radiation processing. They must be 
separated, preferably during fuel processing when you can do it 
cheaply, and then fabric ated into solid forms for use’ as irradiators. 
Much more work is needed on the development of efficient and eco- 
nomical systems for separating and extracting isotopes, and then in- 
corporating the isotopes in devices suitable for processing large vol- 
umes of material on an industrial scale. 

In this connection, I want to point out yet another reason why the 
Government has a real and valid interest in helping assure that radia- 
tion processes and isotopic devices or irradiators are developed. 

The atomic energy military and power programs assure that billions 
of curies of fission ‘products will be produced in the foreseeable future, 
whether or not they can be used. In this context, the Atomic Energy 
Commission is in a position similar to a company with a yotentially 

valuable byproduct material. The company will, to the fullest extent 
necessary, support research to find uses for that byproduct so it can 
be sold. 

A few moments ago I mentioned machine accelerators as sources of 
radiation. These are manufactured by private companies. There has 
been some discussion of competition between isotopes and machines 
and some question of the advisability of Government support in cer- 
tain areas where private companies are operating. This, we feel, is a 
“red herring.” Machines and isotopes must not be viewed as being 
necessarily competitive. They both have their place. Different proc- 
esses will require different sources of radiation. 

For example, we have found in our own work that a machine is pref- 
erable to irradiate polyethylene plastic wire insulation (to improve 
its thermal properties), but that cobalt is preferable to irradiate 
fluorocarbon wire insulation (to improve its bondability). 

Once large beta irradiators, such as strontium 90, are developed, they 
will likely be best for certain processes involving surface treatment of 
materials. 

It is to the interest of the machine manufacturers that the research 
which will lead to applications of radiation be performed. It is to the 
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interest of the radiation user that the right kind of irradiator be devel- 
oped for each particular application. 

My remaining point has to do with the research necessary to lead 
to peaceful applic ations of radiation energy. 

As I have indicated, this can best be described in general terms as 
developmental res arch, or le sarning as much as possible about the 
whys and wherefores of radiation energy and the basic mechanisms 
and techniques of radiation processing. 

I want to outline briefly a case in point. 

One of the most exciting applications of the use of radiation energy 
is to utilize that energy to “oraft” a new surface, similar to a botanical 

skin graft, to an existing plastic so as to retain the desirable 
scomiakins of the original plastic, while giving the resulting new 
material the additional benefits of the properties of the new surface. 
This is called radiation-induced graft copolymerization. 

Our company has introduced the first industrial process involving 
the radiation grafting of plastics, our Raibond process for increas- 
ing the bondability and printability of fluorocarbon plastics. Fluoro- 
carbon plastic materials produced by the Raibond process are now 
being used as wire insulation in electronic systems, as waveguide 
windows in radar systems, as covering for radomes in missiles, and 
in a number of other defense applic ations. 

We have also utilized this process to develop special membranes 
in such diverse fields as water desalination for the Office of Saline 
Water and battery separators for the Army Signal Corps. 

Now, although we have been working on this process for some 2 
years, we still have difficulty in reproduc ing our results and otherwise 
finalizing the process variables and parameters. The reason, simply, 
is that we know so little about the basic mechanisms of radiation 
grafting, why the reactions take place, how the radiation energy can 
best be utilized. 

This is the type of developmental research a small company such 
as ours cannot support in the manner in which it should be done, to 
give the answers which would be of use not only in our work but to 
many other companies throughout the country and throughout the 
world. In short, we need to know much more about the underlying 
principles of applie: 1 radiation chemistry. 

I have not made any particular reference to the food radiation- 
preservation progr am. This subject has been adequately covered in 
other hearings. I do, however, want to point out one problem which, 
if not carefully thought through, may seriously impede the program 
of the Office of Isotopes Development. There is the likelihood that 
OID will be called upon to administer some part or all of the pro- 
posed civilian food irradiation program. Thus far, there is no indi- 
‘ation that additional funds will be provided for this project. If 
this occurs, present programs will of necessity be cut back even 
further, and the present level of support is already so low that it is 
not now possible to follow up effectively the exe ellent research cur- 
rently being performed by various universities and industrial labora- 
tories under OLD sponsorship. 

In summary, we believe that radiation processing offers perhaps the 


greatest challenge and opportunity we presently have to utilize atomic 


energy for peaceful purposes and for the public benefit. We will 
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regret it if we are not the first to meet this challenge. And we may 
not have such an opportunity again. 

I want to thank you very much for the privilege of appearing here 
and for your courtesy and attention. 

Chairman Anperson. I want to tell you that I think that was : 
very sincere and thoughtful presentation. In our hearings next 
month we are going to be discussing the frontiers of atomic research 
and development, and we plan to deal with this radiation process 
chemistry. If you have any suggestions as to how we might deal 
with it best, we would be very gl: id to hear you. 

Mr. Porcuer. Thank you very much. We would like very much 
to participate at that time. 

Representative Hortrrevp. I also want to say you have given us a 
very thought-provoking statement. I was somewhat surprised when 
I read your statement there that other countries are going way ahead 
of us in this field, such as Russia and Japan. They are ‘doing more. 
That is a pretty well-considered statement, is it? Do you have quite 
a bit of information or evidence to support that ? 

Mr. Porcuer. I believe so, sir. I did not mean to imply that they 
are necessarily away ahead of us at this point. What I did mean to 
imply is that they appear to have more active programs. If present 
indications hold, it is likely that they may get ahead of us in the not- 
too-distant future. 

Representative Horirretp. In your handling of your isotopic sales- 
work to different industrial companies, have you found that the dis- 
posal of waste materials is a factor of considerable economic 
importance ¢ 

Mr. Porcuer. I think I know the problem to which you are re- 
ferring, Mr. Holifield. This is not a problem we have. 

Representative Hoxtrretp. Your type of instruments and your 
processes do not necessarily generate waste material ? 

Mr. Porcuer. That is correct. As I tried to indicate, we are not 
involved with instruments or the use of isotopes for purposes of 
tracers, gages, et cetera. We are directly involved with using radi- 
ation energy for purposes of industrial processes. 

Representative Houtrretp. On plastics and different materials? 

Mr. Porcuer. Plastics, chemicals, and different materials. 

Representative Hoxiirm.p. Were you in the food preservation pro- 
gram by subcontract ? 

Mr. Porcner. Yes. We did some work in the food preservation 
program. We had a_ subcontract with American Machine & 
Foundry which involved a fairly large program to irradiate potatoes. 
We did some other minor work in the general field of food 
preservation. 

Representative Horirrerp. Apparently the Army Quartermaster 
Corps has been given orders to practically close this thing down. 
That is where most of the money was coming from for the preserva- 
tion of foods for military purposes. It appears that they put a 
committee in study of that headed by a man who has been interested 
in frozen foods, and he came up with the customary verdict which 
most any group would. The railroads will come up with the same 
kind of verdict against airlines or the trucking industry. 





1 
t 
t 
] 
t 


ie, of ed eet ped 


c 


m 
be 
w 
he 


tr 


m 


be 
he 
mi 
th 








‘e 


a 
en 
ad 
re. 
ite 


ey 


ant 
ot- 


les- 
lis- 
nic 


our 


not 
: of 


ndi- 


pro- 


tion 
> & 
toes. 


food 


ister 
own. 
rva- 
ut a 
osted 
hich 
same 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 2a5 


Mr. Porcuer. If I may say, Mr. Holifield, we think that there is 
great potential in the radiation-preservation-of-food program. We 
think a great deal of basic research and developmental research needs 
tobedone. We think the research should be tied in as much as possible 
with the actual industrial processes that are now being used in the 
food business. An example of that is that we found in our work with 
potatoes, radiation had a very beneficial effect. But when you tried to 
apply the radiation in the kind of handling that potatoes are subject 
to in normal potato handling in the potato industry, the radiation 
prevented the potatoes from sprouting, but they sure rotted. The pota- 
toes were subject to rot. . 

Representative Horirrerp. Did the radiation cause that? 

Mr. Porcner. We don’t believe the radiation itself did, but ap- 
parently the handling of potatoes, as I understand it, in normal com- 
mercial channels subjects the potatoes to very severe pressures. One 
problem we had with the program is that we felt not sufficient thought 
was given to using radiation in view of the kind of handling that the 
foods are subject to in the normal course of food handling. What I 
am trying to suggest really is that along with research into the use of 
radiation for food preservation, we need further study of the use of 
radiation in the light of actual industrial handling practices. 

Representative Hotirretp. In other words, where to apply that 
radiation and what process in the field to market chain handling that 
you could most economically and practically apply. 

Mr. Porcuer. That is correct, sir. 

Representative Hosmer. I think you spoke of the necessity of in- 
creased radiation grafting research. Where did you have in mind that 
it would be done? In the national laboratories or by contract to firms 
such as yours, or how? 

Mr. Porcuer. I think, Mr. Hosmer, I can answer that question by 
saying that this type of research is now being done at universities, at 
industrial laboratories, and at national laboratories. I don’t have any 
figures indicating what the breakdown is, but I see no reason why that 
type of research should not continue to be performed at universities, at 
national laboratories, and industrial companies. 

Representative Hosmer. It is now being performed. Your recom- 
mendation is that it be intensified. 

Mr. Porcuer. That is correct, sir. As I have indicated, work is 
being done, but we think it is not being done and supported at a level 
which is appropriate in view of the very real promise we feel the field 
holds. 

Representative Hosmer. You mentioned that installation in Aus- 
tralia. Is that a pest-control type of device? 

Mr. Porcuer. I believe so. It is a large cobalt irradiator used pri- 
marily to destroy anthrax in goat hair. 

Representative Hosmer. Is that similar to the work we have done 
with flies and worms, and things like that ? 

Mr. Porcuer. I think it is generally similar. 

Representative Hosmer. You have characterized the competition 
between the isotope sources and the mechanical accelerators as a red- 
herring sort of thing. Is that your own opinion? I don’t think the 
mechanical accelerator people share that opinion at this point, do 
they ? 
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Mr. Porcuer. As I understand the position several of them have 
taken, they feel there is some question that the Atomic Energy Com- 
mission should support research in the development of isotope sources 
for radiation processing on the grounds that their machine accelera- 
tors can do the same job better. “We feel that this is not so. We feel 
that machine accelerators are preferable for certain types of applica- 
tions. In fact, we have just within the last week concluded arrange- 
ments to lease an accelerator from one of the machine accelerator 
companies. 

Representative Hosmer. In other words, what you have said here 
is in the nature of a warning, as I listened to it. I wanted to make 
sure whether or not it reflected what the industry generally feels. 
You are pointing to an enlightened course. 

Mr. Porcuer. I think people who are trying to use radiation 
energy: for purposes of processing believe the same thing we do, 
that machines have their place and isotopes have their place. In 
some areas, they are competitive. In many areas, they are not. For 
example, we cannot use a machine to treat the flurocarbon plastics. 
The machine just won’t work. On the other hand, for purposes of 
irradiating polyethylene wire insulation, present cobalt source tech- 
nology is not good and the machine is much better. 

Representative Hosmer. The point is that there is a flexibility here. 
One or the other may be the best for a particular job. 

Mr. Porcuer. That is correct. 

Representative Hosmer. It will help both the natural sources and 
the machine sources. 

Mr. Porcuer. That is right, sir. 

Representative Hosmer. There is just one other thing I would 
like to ask about. This Raibond process of yours; is there any other 
country that actually is doing this type of thing industrially? 

Mr. PorcuEr. We do not know of any, sir. 

Representative Hosmer. At least, we are ahead in that field? 

Mr. Porcuer. I think we have made very good progress in this 
field. The reason that no other country may be doing it, however, 
is not necessarily due to our progress. It is due to the fact that we 
probably use more material of that kind, more plastic material of 
that kind than any other country does. This process is particu- 
larly suitable for fluorocarbon plastic material. These are such things 
as Teflon made by Du Pont. 

tepresentative Hosmer. As a matter of fact, outside of the plastic 
field in most. chemical processes irradiation has not yet received any 
particular attention. 

Mr. Porcuer. I think most of the more immediately promising 
industrial applications are in the plastic field. 

Representative Hosmer. For instance, you don’t see any possibility 
of use in making cement? 

Mr. Porcuer. The Russians have announced that they are building 
a cobalt facility to make phenol. They are also using radiation for 
production of certain chemicals. Frankly, we have some doubt that 
they are quite as far along as they have indicated. From the data 
we do have they certainly are working actively in this field, and in 
certain respects they have good data. 
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Representative Hosmer. The applications appear to be in the more 
sophisticated field of chemistry. 

Mr. Porcuer. I hesitate to agree fully with that, sir, because I 
don’t know what you mean by the sophisticated fields of chemistry. 
In terms of actually producing large-volume bulk chemicals through 
the use of radiation energy, I would guess this is sometime in the 
future. Just how long will depend on how active a program we 
have and the relative economics of radiation processing as opposed 
to other types of processing. But certainly we can alre ady see many 
potential uses for radiation, as I have indicated, and we feel that 
what is primarily needed is an acceleration of the developmental 
part of this program so that we can Ng to take advantage of some 
of these possibilities as soon as possible. I dont’ have the exact figure 
of how much money the industrial process radiation program of the 
Office of Isotope Development is currently spending for the type of 
research I have outlined, but I am fairly sure it is well under a mil- 
lion dollars a year. It seems to us that this is a very, very small 
sum of money to be spent in a field that has the kind of promise 
radiation processing does. 

I am not compet ent to give you an exact figure of what should be 
spent, but it certainly seems to us that a 50-percent increase or a 
doubling of the effort in view of the kind of money that we are 
talking ‘about is certainly warranted, particularly when you consider 


the possibilities of radiation processing for industry in this country 
and throughout the world. 


Representativ e Hosmer. Thank you. 

Chairman ANnprerson. Thank you very much. 

Mr. Porcuer. Thank you, sir. 

Chairman Anperson. The next witness is Mr. Spector. 

























STATEMENT OF DR. NORMAN A. SPECTOR, VITRO CORP. OF 
AMERICA 


Dr. Specror. My name is Norman A. Spector. I am a vice presi- 
dent of Vitro Corp. of America. We appreciate the opportunity 
to be present at these hearings and to express certain of our views 
on various aspects of the development, growth, and state of the atomic 
energy industry. 

I would like to comment, first, with respect to the civilian power 
reactor program. 

There has been too short a time between the release by AEC of 
their 10-year plan and my appearance before this committee to give 
adequate consideration to the many facets of this program as it is 
now defined. However, even from a brief review, it is evident that 
there is much in the announced program which deserves our complete 
support. 

We feel the Commission is to be commended for their solicitation 
of expert advice in evaluating the potential of the various reactor 
concepts and in recommending programs to accomplish the potential 
improvements. This program has defined specific research and de- 
velopment tasks as well as prototype and large plant construction 
projects. In presenting their program along these lines, together 
with their best estimates of schedule requirements and costs, we be- 
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lieve that AEC has perhaps for the first time clearly defined the 
national objectives of our civilian reactor program in the framework 
of specific milestones along the path that they believe leads to com- 
petitive nuclear power. 

It is almost impossible to challenge the technical programs in the 
light of our present knowledge—except perhaps to recognize the 
hazards of estimating schedules and costs in a field which will move 
so rapidly over this period of time. 

Specifically, we are pleased to see the inclusion in this program 
of concepts which we have repeatedly urged such as the gas cooled 
and natural uranium reactors as well as the uranium-thorium, plu- 
tonium, and thorium breeding cycles. 

In past testimony we have urged the consideration of thorium 
cycles, feeling that the tremendous reserves of this nuclear fuel 
could not be ignored in any proper consideration either of potential 
economics or from the standpoint of fuel reserves. While the ultimate 
role of thorium cycles is not readily apparent in any reasonable detail 
from the long-range program, we are gratified to find that thorium 
will be used in five reactors either being built or planned, and con- 
sider this significant progress in this direction. 

Chairman Anperson. Do you know if the Atomic Energy Com- 
mission pays anything for the thorium that happens to be in the 
ore ¢ 

Dr. Srecror. To my knowledge, the Atomic Energy Commission 
does not pay for thorium that is incidental. In fact, it is quite the 
reverse. We have been paid for uranium recovered from thorium 
ore. However, my knowledge of this is limited. I believe that the 
specific purchases in this category are probably limited, so that the 
statement is not general. 

Chairman ANperson. I just wondered, if thorium is so valuable, 
why the Atomic Energy Commission says if you have some thorium 
in this ore, stack that on the outside: we don’t pay for that. 

Dr. Specror. I am not aware of any thorium that comes along 
with uranium ores as we mine them or as others mine them. Usually 
it is a trace amount of uranium that comes along with a thorium ore, 
monazite, for example. In this case the Commission says the uranium 
is so valuable you stack it up alongside, and we will buy it. This is, of 
course, particularly true in Fr: ance, where the thorium constitutes 
a very large percentage of the uranium in the concentrates. 

We are already aware of some preliminary reaction to the AEC’s 
program, which questions the fact that only two developmental 
reactors are scheduled for construction in the near future. We would 
urge that, if consideration is to be given to increasing the number 
of reactor experiments or prototy pes scheduled in the ‘early part of 
the program, consideration to be given to advancing the present plan 
to develop thorium concepts. 

The costs of this program are estimated as above $1 billion for 

research and development and about $1.2 billion for construction. 
This latter fieure could be cut approximately in half by industry par- 
ticipation. When viewed over the period of the program this would 
appear a reasonable price to pay to reach the stated objectives. We 
do not agree that it should be necessary to spend more and it may 
well be possible to spend less. 
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There is reason to believe that both the pressurized-water and boil- 
ing-water cone — will soon take another major step forward to com- 
petitive power by projects to be carried out with minimum cost. to 
AEC. In addition, it seems to us that, if there is compelling reason 
to reduce the costs of this program, aqueous-homogeneous and heavy- 
water concepts should be reexamined. Using AEC’s own planning 
figures, these represent $169 million for research and development 
(or more than 15 percent of the research and development total 


budget) and $292 billion for gross construction costs, which is 25 


ao per- 
cent of this total budget. With the completion of construction of 


major units of these types presently estimated as coming no sooner 
than January 1969 and January 1970, it is probable that the operat- 
ing experience to be gained from this entire part of the program will 
still be inconclusive at the end of the 10- year program. In view 
of the fact that the potential generating costs from these con- 
cepts are well above the economic objectives which have been set for 
this program, this area of development seems a natural target for 
budget cuts. Indeed, we wonder if AEC, in developing the plan for 
these concepts, has not succeeded in developing a case for leaving 
them out. 


THE ROLE OF INDUSTRY 


AEC has defined its policy in carrying out their announced pro- 
gram by stating that reactor experiments should be built and operated 
by AEC; that prototypes should be built by industry independently 
or in cooperation with AEC—alternatively by AEC; and that large 
stations should be built by industry. 

Basically, we are in substantial agreement with this policy state- 
ment and feel that AEC should have the prerogative of proceeding 
on their own with prototypes if industry is unable to participate in 
such developments on the time schedule required by the AEC program. 

However, we feel just as strongly that the dev elopment of a capa- 
ble competitive nuc lear industry requires that this industry have the 
opportunity to participate fully in the program. It must be permitted 
the opportunity to “learn by doing” just as AEC itself in its own in- 
stallations has developed incre ased capability of facilities and staff. 

Chairman Anperson. Do you feel that the industry has had an 
opportunity to participate? There have been various instances where 
there has been a long-drawn-out negotiation running a couple of years 
trying to get industry participation and we have lost valuable ‘time. 
Some of them might just as well have gone ahead and built something. 

Dr. Specror. I think, to answer your question, I would state with- 
out too much second thought that, of course, there has been a chance 
to participate. I think, however, some of us feel that the time has 
come to accelerate the rate at which industry is participating, and that 
there come from time to time instances which make us wonder whether 
the policy is being implemented in accordance with its definition. 

Chairman Anperson. Consolidated Edison started out to spend 
$55 million, and it is up over a hundred million. Do you think they 


will push forward for a chance to participate or will they rest for a 
while? 


Dr. Srecror. I think they are perhaps entitled to a rest. 
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Chairman Anperson. Don’t you think there are a few others in 
the same category who might take it a little easy for a while when 
they dimes er the cost of these plants ? 

Dr. Sprcror. 1 think there are undoubtedly those who will now 
take a closer look at what is involved in trying on their own to break 
some new ground and perhaps in the Consolidated Edison case it was 
not fully appreciated how new the ground was. 

Chairman ANperson. This is partially a thorium device, is it not? 
Dr. Srecror. That is correct. The objective should be for AEC 
to contract with industry for the types of work which will help pre- 
pare industry for assuming the eventual task of continuing develop- 
ment in the years ahead. I refer here to evaluation projects, engi- 
neering, research and development, as well as requirements for mate- 
rials, products, and reprocessing serv ices. We would welcome an 
attitude on the part of AEC that recognizes this policy and clearly 
reflects an obligation to seek even more aggressively than before the 
ways and means of accomplishing their program by industry con- 

racts rather than in expanded AEC facilities. 

Mr. Ramey. Going back to your figures on the 10-year program, 
what are those figures based on? Are ‘those from part 2 of the AEC 
report, or from their testimony the other day ? 

Dr. Srrecror. I have neither heard nor seen the testimony. They 
are based on the part 2 information which was sent out with a press 
release and received just the early part of this week and held for 
further release until Tuesday on which date I think the testimony 
was given. 

Mr. Ramey. That would be the amounts of money to achieve the 
optimum development of each concept. 

Dr. Srecror. This is correct. 

Mr. Ramey. The other day, or the first day of the testimony, we got 
into a bit of confusion over those figures and the figures that ABC 
prepared for us on their actual projected program that they are 
recommending for the next few years, which is different from this 
optimum program that they outlined in part 2. So Senator Anderson 
requested that the Commission staff and the Joint Committee staff 
get together and try to figure out an understandable comparison of 
these figures so that we would know a little bit more about them. I 
think if you look at AEC figures on both the optimum and on their 
10-year program that they have quite a slug of money in there for fast 
breeder development, which is another one of these dev elopments that 
would be a natural for the budget cutters if they were going to con- 
sider cutting, rather than adding on. As you know, on your heavy- 
water development, there are quite a few people that dispute some a 
the figures, that they may be downgrading the heavy-water, natural- 
uranium concept due to certain aspects of financing in this country 
and other things that might make them look bad compared to the 
enriched reactors. 

Dr. Srecror. If I might comment on both of the remarks you made, 
I am certainly happy, and it is not unexpected that the Joint Com- 
mittee has moved far more quickly than some of us in suggesting 
that some of the conclusions are not quite in accordance with the 
facts. This was really my point. I have my own opinions in some 


we 


a 


Cm 4 wie mm 


in 
1) 


WwW 
ik 


as 


tt? 
EC 
re- 
yp- 
e1- 
te- 
an 
rly 
the 
Oon- 


um, 


EC 


hey 
ress 
for 
ony 


EO tts—CSC™~S~S: 


the 


» got 
LEC 
are 
this 
son 
staff 
n of 
oO 
their 
- fast 
that 
- eon- 
PAVY- 
ne of 
rural- 
untry 
o the 


ere 


ee RO 


made, | 


Com- 
esting 
h the 
, some 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 24] 


areas with respect to the particular definition of the status and the 
promise of a given reactor concept, but that was not my point. 

Representative Houirretp. You say that the 10-year program as 
outlined by the AEC will be inconclusive in its results. This means 
to me that you feel that they will not reach the goal of economic 
power which they think they will reach, or near the goal, 

Dr. Specror. No, sir. I think what I tried to say was that with 
respect to those two particular parts of the program, namely, the 
aqueous-homogeneous and the heavy-water concept, the schedule that 
AEC projects at end of construction for the large power stations 
carried along under those parts, using their figures, are, respectively, 
January 19. 59 and Ji anuary 1960. My point is simply that I am sure 
that the facts of life are such that, with these types of projects we 
have in mind, there is liable to be some slowing down, and still you 
don’t get experience when the plant is just built. The operating 
experience will come only in the next year or two. Again I am stick- 
ing to the ground rules. I am saying under their ground rules they 
will not at the end of their program have proven much about these 
types. That is more the point. 

Representative Houirietp. Do you think there is another way they 
can approach this so that they will get to their objective quicker ? 

Dr. Specror. I don't stand ready at the moment to suggest a faster 
route. 

Representative Horrrrecp. Would you suggest that they do away 
with that line of experimentation ? 

Dr. Sprecror. Exactly, under the present ground rules. 

Representative Honirreip. And stick to the pressurized-water and 
boiling-water concepts? Is that what you mean? 

Dr. Sprcror. Generally, yes. 

Representative Houirtecp. In other words, you just don’t believe 
in those types of reactors? 

Dr. Sprcror. Not if these figures are correct. I think they have 
defined some ground rules. If they start skirting the edges of these 
ground rules “and make exc eptions the whole program is going to 
start to come apart at the seams, and we will be right back where 
we were several years ago. I prefer to keep these ground rules if 
they are acceptable to all. If the ground rules indicate that some- 
thing will not come along and be competitive in 10 years, I see no 
justification for including it in this program. U nder the approach 
of other countries, where they have 5-year programs and 10-year 
programs, it is almost invariably a fairly sacred task and sometimes 
when they would like to do another type of project, they clearly de- 
fine it as being outside that program. Perhaps we could keep this 
10-year drive ‘for economic competitive power clearer and avoid a 
lot of criticism if we would say these two don’t fit. But if you fellows 
all agree that we ought to be doing some work in the other areas, 
then do some work. Put them off to the side and put a special label 
on them and we won’t get into bad arguments. 

Chairman Anverson. In other words, you put the fire under the 
thing that shows promise. 

Dr. Spector. That is r ight. 
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Mr. Ramey. That assumes that the ground rules are correct. I 
think there is a good deal of doubt about these ground rules from 
some analyses that have been made to date. 

Representative Hoxirrecp. You find a number of scientists who 
feel that there are prospects in other areas of development which 
justify some work along those particular lines of development. They 
are pretty reputable people. 

Dr. Sprcror. Of course they are. I am sure there can be strong 
cases developed for differences. I don’t view the mission of the Com- 
mission as developing all possible routes to economic power and prov- 
ing them 1, 2, 3, in the next 10 years. Nobody can do that. There- 
fore, I think if with their present start they can with only the better 
present prospects accomplish this program, this will be a tremendous 
achievement, If they attempt to carry along on their back every 
possible new idea and interject it into the program every time some 
bright scientist says here is something that looks very good, we are 
going to slide back to where we have been. I am rather pleased with 
where we are beginning to be, myself. 

Mr. Ramey. Taking your heavy-water, natural uranium again as 
an example. This is not a bright new concept. This is the kind of 
reactor that has been proven at Savannah River for many years. It 
is a concept that has been with us and people have always worried 
about the economics on natural uranium. I think you are right in 

saying if you hold off until 1966 to build a natural uranium proto- 
type, that is pretty far down the scale. If you built one in 1963, or 
somewhere in there and did not necessarily rely on the Canadians 
to do all the work for you, it might be possible to find out whether or 
not it is something for this country. 

Dr. Sprcror. Of course, if they move that schedule up then my 
criticism with respect to getting outside the boundary of the program 
would be eliminated. I don’t think I can sit here and either defend 
or challenge the accuracy of the numbers that the Commission has 
stated. I have simply derived some assumptions if these numbers 
are correct. 

tepresentative Hosmer. You have used these things more or less as 
examples of what could go under your principle that we should take 
our most promising and advanced concept and go ahead fast with 
them. 

Dr. Srecror. Exactly. 

Representative Hotirim ip. How do you propose to do this? I no- 
tice you said more aggressively by industry contracts, rather than 
expanding AEC facilities. As I understand it, any of ine programs 
that industry wants to take can be taken on their own. It is only 
when the AEC finds that industry declines to run with the ball that 
they pick up the ball and run with it. What are you proposing? 
Are you proposing that notwithstanding the fact that industry will 
not operate on its own and finance its own experimental prototypes, 
notwithstanding that, the Government should go out and contract 

with them to build for them? As a matter of fact, they do contract 
with private industry to build them on the AEC properties. So they 
do it by contract on the AEC properties. What are you getting at 
there ? 
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Dr. Spector. ( ania I want to make it clear when it comes as 
far as the prototype I don’t think we can give the responsibility to 
the Commission and then tell them from day to day how to operate. 
[f the Commission is willing to define the task as research and de- 
velopment, prototype, and so . forth, to prove their point, then I think 
they ought to build a prototype or have it built as soon as they think 
they can live with it and they should not have to wait to negotiate 
over a long period of time to the point where some industry might or 
might not be willing to have a share in that prototype. Tf there is 
not somebody ready, to move along with it, the AEC should. But 
then in designing and building that prototype I would like to see this 
done by contract to the maximum possible amount by industry. 

Representative HorirreLp. It is done by contract. Every plant that 
I know of, Hanford, Oak Ridge, and all, have been done by contract. 
The AEC does it by contract. They call in Babcock & Wilcox, or GE, 
or somebody to build these plants. They don’t build them with 
Government civil service help, or that sort of thing. 

Dr. Sprcror. This is the point we are making, and we think that 
it ought to be accelerated and the laboratories and national sites not 
grow larger, but that the jobs be given to industry as they have been 
in the past in some cases, so that the capability resides more and more 
in industry so they will be able to come forward on their own in 
later cases. 

Representative Hotirrevp. I don’t get your point. All of the capa- 
bility does reside in industry. There is no capability that lies in the 
oo to build a reactor that I know of. All of it is done by contract. 

I don’t quite get your point. Maybe I just don’t see what you are 
hitting at. You give an alternative; you said by industry contract 

‘ather than in expanding AEC facilities. 

Let us take this gas-cooled plant that is going to be built at Oak 
Ridge. For years we have been trying to get industry to build 
something like that. They have not built it. Now the AEC is going 
to go ahead and build it, and they are building it by contract. It 
does expand the AEC facility at Oak Ridge. It will be a laboratory 
type of reactor. It will not be an on-line producer like Dresden and 
and Commonwealth. It will be subject to changes, improvements, 
interruptions of operations, and uneconomic operation, and all these 
sorts of things which can be done as well in a laboratory type of re- 
actor which cannot be done in a reactor which is owned by Dresden 
and Commonwealth, because one of their factors will be the produc- 
tion of kilowatts from an economic standpoint, that is, from the 
standpoint of getting some return on their investment. So I just 
don’t quite understand what you are striking at. 

Dr. Srecror. The problem has come in for a fair amount of dis- 
cussion in the last several weeks. I think our position is closely asso- 
ciated with that which the chamber of commerce took, along with the 
Manufacturing Chemists Association, and which was answered in 
some detail by the AEC. I have always felt that not very much is 

gained by an exchange of “it is, it ain’t” arguments. We put to them 
an ex cample where a “contract was let one w ay and we had hoped it 
would be let another way, and the Commission comes back and at- 
tempts to point out that there w as a good reason for doing it that 
way. I think what we are saying is that generally we would like to 
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see that policy stated, firmly, clearly, passed on down to the levels 
that have to execute that policy, and then I think we are all going to 
be happy. 

Representative Horirienp. We want everybody to be happy. 

Chairman Anpprson. What had me a little worried about it was 
this. Here was Los Alamos working on the plasma thermocouple, 
so General Dynamics hires Dr. Pidd and brings him to California, 
and says, “You folks stay out of it; we have the facilities set up to 
do this work.” It is a peculiar feeling. 

Representative Hourrrevp. It is called pirating in industry where 
you take away a firm’s expert at a higher salary, which is exactly what 
happened in the case the chairman alludes to, and then attempt to 
exclude work which has already been started or superimpose work on 
experimental work which has already been developed, like they are 
doing in this new reactor that is being built by General Dynamics. 
It is being done on the basis of experimental work that has already 
been condueted in Government laboratories. They have taken some 
of the prize scientists, particularly the English, and are building 
on a foundation already started by a Government laboratory. 

Dr. Specror. I don't know much about it, so T cannot comment 
on it. But I can see I should have been here yesterday. May I con- 
tinue ? 

Chairman Anperson. Yes, sir. 

Dr. Srecror. Our company is involved in the production of ura- 
nium concentrates, and I would like to comment that since the original 
announcement of reductions in procurement made on November 24, 
1958, we have been unable to make plans for continued uranium pro- 
duction operations, and have been forced to seek guidance from gen- 
eral press announcements rather than clear statements of proc urement 
policy. TI interrupt right now to say that I just had a chance to see 
Chairman McCone’s comments in this regard as he presented them to 
you earlier in the week. 

Chairman Anperson. I think the committee has been right with 
you in trying to say this thing should be done by general announce- 
ments and not by press statements, and so forth, ‘and I believe the 
Commission is following that pattern clearly at the present time, is 
it not? Don’t you think this recent statement. of how they intend to 
operate with reference to Canada has helped clear the atmosphere ? 

Dr. Sprcror. It certainly has. We agree completely. This is, per- 
haps, why we are a little bit jealous. 

Representative Hosmer. You apparently want some guidelines for 
the period beyond 1962-63 in this particular product, but I don’t think 
you could get it similarly in connection with other products on the 
market, do you? 

Dr, Spector. T am not sure I understand the question. 

Representative Hosmer. You are complaining that you don’t know 
what is going to happen after 1962-63 with respect to the Commis- 
sion’s uranium purchases. I don’t know what else Vitro sells, but, if 
they sell any product to private companies, I doubt if they have any 
idea beyond 1060 even what the private companies are going to buy. 
I don’t see there is such cause for complaint. 

Dr. Specror. I think that statement, standing alone, makes a cer- 
tain amount of sense. pr. basically, we have only one customer for 
our uranium product. I don’t pretend for one moment that our posi- 
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tion is different from perhaps 12 or 13 other millers on the plateau, 
who have mills, are running them under current accepted rates, and 
are wondering whether they are going to run them after 1962 or not. 
I don’t think the problem is complicated. It is a simple problem. We 
would like to have an answer and have it as soon as we can. We are 
not surrounding this with any pretense or any generality. 

Representative Hosmer. I don’t blame you for wanting the answer 
as SOON as you can. 

Dr. Specror. I would like to comment, also, as I did last year, with 
respect to some of the special nuclear materials. I am afraid that Mr. 
Hosmer is going to ask me the same question all over again. 

Chairman Anperson. That is one thing about Mr. Hosmer. He be- 
lieves in what he believes. 

Representative Hoxirieip. I just remark that the Ford Motor Co. 
would like to know how many motorcars the public is going to ask 
from them in 1963, too. 

Dr. Srecror. We are hoping for some improvement here, and per- 
haps my comments this year have somewhat of a brighter tone be- 
cause they are tied to what I think has been an excellent example of 
planning on the part of the Commission, and, frankly, what we are 
trying to say in certain specific examples is, let use have some more of 
it because it is going to help us. If I can save some time and leave for 
the record any comments on special nuclear materials, I will continue. 

Chairman Anperson. Very well. 


SPECIAL NUCLEAR MATERIALS 


Dr. Srecror. The development of advanced reactor concepts has 
in the past produced requirements for special nuclear materials from 
the rare earth series. We feel that additional requirements of spe- 
cial nuclear materials will develop as AEC proceed with their new 
programs. With reactor programs apparently being planned with 
greater definition than ever before, we would hope that it would now 
be possible to give more attention to the definition of requirements for 
such special materials and that procurement policies be put on a con- 
tinuing basis instead of the spot-purchase program previously em- 
ployed. I would like once again to call the attention of this 
committee to the relationship between the availability of these im- 
portant materials of the rare earth group and thorium supply. By 
processing monazite for the production of thorium, substantial 
amounts of these rare earths are produced as byproducts—which of 
course must be further refined to meet AEC specifications. Accord- 
ingly, we urge the clarification of thorium and rare earth require- 
ments coupled with a procurement policy designed to encourage the 
development of this domestic industry on an integrated basis. 


EURATOM 


I would like to make one special word about Euratom. I realize 
I have jumped all over this program, but it is because of the capability 
of our company to operate in various fields of this new industry. We 
do operate internationally, and we have followed the Euratom pro- 


gram, and I want to make a few comments here for what help they 
might be. 
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Almost a year ago we suspended our efforts to participate in the 
Euratom program after a series of meetings with major industry 
groups. The reasons which have been frequently cited as factors 
in the failure of this program to fulfill its original objectives—the 
new fossil-fuel discoveries, decrease in growth “rate of energy and 
fuel requirements, et cetera—have been presented before. However, 
in addition, we were inclined to doubt that the program would pro- 
ceed as planned because there was a growing feeling among European 
industry that they would not learn ‘enough: to justify the acceptance 
of major U.S. participation in many projects in an area where gen- 
erally there existed a sophisticated industry. Se at the moment 
perhaps not competitive, in this particular area of technology. 
Therefore, it is our belief that anything less than a ichelene 4 almost des- 
perate need for nuclear power was bound to produce major reserva- 
tions about ati eeding with the Euratom program. 

However, we believe there is interest in improved reactor concepts 
and a willingness to justify reactor power economics by new learning 
opportunities. These motivations can possibly encourage ad litional 
Euratom projects to be undertaken under the deferred portion of the 
program presently requiring completion by 1965. On this basis we 
would recommend that the program be continued to encourage the 
development of these possibilities. 

Perhaps these comments on Euratom will be viewed as simply hind- 
sight—which has been called the only true science. However, we 
feel strongly that the disappointments of this experiment should not 
discourage us from seeking an appropriate instrument to assist the 
growth of nuclear power in the underdeveloped areas of the world. 
We know the Me Kinney panel has been asked to consider this matter 
and to make recommendations for a program of assistance in such 
areas and look forward to the results of their study. We feel it will 
be an important contribution. 

Chairman Anperson. Thank you, Dr. Spector. The committee 
thanks you for your statement. 

Dr. Srecror. Thank you. 

Chairman Anperson. Mr. Ryan. 


STATEMENT OF JOHN J. RYAN, REPUBLIC AVIATION CORP. 


Mr. Ryan. Good morning, Mr. Chairman. My name is John J. 
Ryan. I am vice president of Republic Aviation Corp. in Farming- 
dale, N.Y. Republic has been engaged as a contractor with the Gov- 
ernment for over 25 years. At the present time we are supplying 
the Air Force with the F-105 fighter-bomber. 

I appreciate your invitation to appear before the committee today 
and participate in your hearings concerning the activities of the 
Atomic Energy Commission and the various problems relating to the 
development, use, and control of atomic energy. 

A year ago our president, Mr. Peale, advised this committee by 
letter that: 

It is my hope that the committee’s work will furnish the guidance necessary 
to enlarge the activities of private industry in the atomic energy field and sup- 
port the Government in its efforts to assume responsibility for vigorous leader- 
ship and administration of the nuclear program. 
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My testimony this morning will relate to the same subject. We are 
interested in the Commission’s program for industrial participation 
in the test reactor field. We have been active in this program since 
the Commission’s policy was announced in 1956. In association with 
other companies, Republic has made proposals to invest funds in 
high-flux test reactor facilities and to furnish irradiation services to 
the Commission and industry. 

Based upon our investigations and studies, we are satisfied that the 
need for high-flux irradiation services by both the Commission and in- 
dustry is sufficient to encourage private investment in such facilities. 
This view is supported by the fact that the Commission received 11 pro- 
posals in response to its Invitation issued over a year ago. Many more 
organizations participated in submitting these proposals. In our pro- 
posal it was agreed to invest approxim: ately $ $24 million in such facili- 
ties. 

In its attempt to change the test reactor program from Government 
to private ownership, the Commission encountered difficulties in for- 
mulating its long-term requirements. These difficulties subsequently 
led to delays in evaluating the merits of the respective proposals. We 
have been informed that the Commission is engaged in an intensive 

reevaluation of projected Commission requirements and in a review 
of advanced conceptual design studies. 

We are supporting the Commission in the revision of its program. 
In a letter to Mr. McCone dated October 1, 1959, Mr. Peale expressed 
our interest in furnishing reactor irradiation services in a high-flux 
test reactor designed to meet the needs of the Commission. Mr. Peale 
advised the Commission: 

We have indicated our willingness to participate in such a program on the 
basis of either an industry financed and operated reactor or a Government- 
financed and industry-operated reactor which will furnish neutron fluxes higher 
than those currently available. We are prepared to construct a high-flux test 
reactor of advanced design and to operate the facility in any area in which the 
publie interest will best be served. In addition, we are interested in leasing 
part of the space in this new high-flux reactor on a cost-sharing basis. 

The full text of Mr. Peale’s letter and the Commission’s reply are 
appended to my statement for inclusion in the record. 

In addition, we furnished for the Commission’s review a technical 
report on an advanced test reactor designed to meet the Commission’s 
highest thermal-flux requirements. 

I wish to emphasize to the committee the importance of continuing 
the Commission’s policy of encouraging industry to construct and oper- 
ate the test reactors necessary to meet the needs of Commission and 
industry programs. We feel the Commission should adhere to its 
policy to use Government funds for the construction of test reactors 
only if its needs for irradiation space cannot be met by private indus- 
try under contract with the Commission. These policies are in agree- 
ment with the general policy relating to Government procurement 
from commercial sources. This policy (recently restated in Budget 
Bureau Bull. 60-2) says that— 


* * * the Federal Government will not start or carry on any commercial in- 
dustrial activity to provide a service or product for its own use if such product or 
service can be procured from private enterprise through ordinary business 
channels. 








248 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


We recognize that the Joint Committee has advanced the Commis- 
sion’s program for industry participation in the test reactor field. I 
have in mind, particularly, the legislation of 1958 authorizing the 
Commission to negotiate long-term contracts with industry for test 
reactor services. From our experience I feel certain that industry 
participation in the test reactor program will enhance the growth and 
development of the atomic industry. 


Thank you, gentlemen. 
Chairman Anperson. I want to thank you for supplementing your 


statement with the necessary exhibits and material to make us 
acquainted with this proposal. It is a courtesy that we appreciate. 
Mr. Ryan. Thank you. 
(The information referred to follows :) 


DocUMENTS RELATIVE TO THE TEST REACTOR PROGRAM 


A. “AEC Test Reactor Policy Announced.” Press release No. 924, November 8, 
1956. 

B. “AEC Invites Proposals for Test Irradiation Services.” Press release No. 
TI-11 (A-254), October 2, 1958. 

Cc. AEC’s “Abridged Minutes of Information Meeting on Proposals for Irradia- 
tion Services, November 19, 1958” (extract). 

D. AEC announcement of proposals for test irradiation services. Press release 
No. B 121, July 24, 1959. 

E. Budget Bureau Bulletin No. 60-2, September 21, 1959 (extract). 

F. Letter, Mr. Peale to Chairman McCone, October 1, 1959. 

G. Letter, Dr. Pittman to Mr. Peale, October 15, 1959. 


U.S. ATroMiIc ENERGY COMMISSION 


Washington, D.C. 


No. 924 NOVEMBER 8, 1956. 


AEC Test REAcTOR PoLticy ANNOUNCED 


The Atomic Energy Commission is looking to private industry for the con- 
struction and operation of general-purpose test reactors to meet growing needs 
of the Commission in its reactor development program and those of private 
industry in the development and construction of nuclear powerplants. 

To encourage private enterprise to enter this phase of the atomic energy in- 
dustry, the Commission will construct test reactors only if its needs for irradia- 
tion space cannot be met by private industry under contracts reserving for 
Government use a percentage of the space available in privately owned test 
reactors. In addition, the Commission will permit the use of Commission- 
owned test reactors for nongovernment purposes only if privately owned facil- 
ities are not available for the irradiation services required. 

Reactors which come within this policy of the Commission include facilities 
in which materials and reactor components may be subjected to an environment 
(temperature, radiation intensity, exposure to corrosive materials, etc.) com- 
parable or identical to conditions which would obtain in reactors in which it is 
intended to use the materials and components; and facilities used to study the 
effects of radiation on electronic and other components of military vehicles or 
weapons systems. 

The Commission believes that a large part of its requirements for test reactor 
facilities can be met with privately owned reactors based on proved designs and 
technology. 

In keeping with its new policy, the Commission will, at a later date, invite 
proposals by private industrial concerns to supply irradiation services suited 
to the Commission’s needs. 

Until private industry is ready to finance the design, development, construc- 


tion, and operation of test reactors of advanced design, the Commission’s 
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policy envisages a continuing Government role in this field and’ in the develop- 
ment of research reactors of new and improved design which are needed by 
the national laboratories to carry forward research work assigned to the 
laboratories. Research reactors provide only limited amounts of space for 
testing purposes. 

The new test reactor policy is another in a series of steps taken by the Com- 
mission to bring commercial suppliers into the atomic energy industry. Fuel 
elements for the materials testing reactor at the National Reactor Testing Sta- 
tion in Idaho, reactor-grade zirconium, hafnium, and beryllium are being pro- 
cured from commercial suppliers through long term contracts. The Commis- 
sion has also invited private industry to undertake chemical processing of 
irradiated fuel elements and processing of enriched uranium scrap from fuel 
element fabrication, feed materials, and magnesium fluoride scrap. Private 
industry has recently undertaken the manufacture of boral, a lightweight 
material for use in reactor and accelerator shielding, which previously had been 
produced only at a Commission installation. 


U.S. Atomic ENERGY COMMISSION 


Washington, D.C. 
No. TI-11 (A-254) 


OcTOBER 2, 1958. 
AEC INVITES PROPOSALS FOR TEST IRRADIATION SERVICES 


The Atomic Energy Commission has invited industry and research and edu- 
cational institutions to submit proposals for performance of test irradiation 
services for the Commission. The irradiation services would be performed in 
reactors specifically designed for testing purposes so that reactor materials 
and components can be subjected to an environment comparable to conditions 
in reactors for which the materials and components are intended. 

These irradiation services would be used in connection with the Commission’s 
reactor development program which includes projects for both peaceful and 
military purposes. A portion of these services would be used in connection 
with the development of fuel elements which are expected to lower the cost 
of nuclear power. 

The Commission believes that a large part of its requirements for test 
reactor facilities can be met with non-Government-owned reactors which are 
based on proven designs and technology. The invitation furthers a Commis- 
sion policy announced in November 1956, of fostering the construction of test 
reactors by industry. At that time, to encourage commercial participation 
in this phase of the atomic energy industry, the Commission announced that 
it would construct additional test reactors only if its needs for irradiation space 
could not be met by other sources. The Commission also had announced that 
it would permit the use of Commission-owned test reactors for non-Govern- 
ment purposes only if other facilities were not available for the irradiation 
services required. 

Requirements of industry and other Government agencies for space in test 
reactors are expected to increase significantly over the next several years. To 
assure the availability of testing space and thus reduce the demands on the 
Commission for such space, the Commission will give consideration to the 
extent to which proposers will make irradiation space available to non-Commis- 
sion users. 

The irradiation services for the testing program now planned will be needed 
over at least a 5-year period. The required services are in addition to those 
available in the materials testing reactor and the engineering test reactor now 
operating at the Commission’s National Reactor Testing Station in Idaho. 

Details of the invitation for proposals may be obtained from the Director, 
Division of Reactor Development, U.S. Atomic Energy Commission, Washington 
25, D.C. Deadline for submission of proposals is January 12, 1959. 


52950—_60——17 
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U.S. Aromic ENERGY COMMISSION, 
Washington, D.C., December 24, 1958. 


Deak Str: A copy of the abridged minutes of the November 19, 1958, informa- 
tion meeting concerning proposals for irradiation is enclosed. 

Your attention is invited to the fact that our “Request for Proposal To Supply 
Irradiation Services” has been revised as set forth under section B of the 
abridged minutes. 

Proposals to furnish irradiation services should be submitted no later than 
January 12, 1959, as instructed in the “Request for Proposals To Supply Ir- 
radiation Services” which was made available at the meeting. 

Sincerely yours, 
W. M. Bags 
(For Frank K. Pittman, Director, 
Division of Reactor Development). 
Enclosure : 
Minutes of meeting, November 19, 1958. 


ABRIDGED MINUTES OF INFORMATION MEETING ON PROPOSALS FOR IRRADIATION 
SERVICES, NOVEMBER 19, 1958 


The following information represents a summation and clarification of ques- 
tions raised and answered at the information meeting held in Germantown on 
November 19, 1958. Incorporated also are those changes to the revised request 
for proposals now deemed appropriate. In addition, those questions raised by 
letter prior to the meeting, and which were not answered at the meeting, have 
been included and answered herein. Questions and answers have been roughly 
grouped according to the major divisions of our request. 


A. SERVICES REQUIRED 


Question. Is ABC interested in constructing additional test reactors with its 
own funds? 

Answer. AEC policy remains the same today as announced 2 years ago. The 
AEC will not construct general-purpose test reactors if services required can 
be obtained from privately owned and operated test reactors. Only if ABC 
requirements for irradiation services can not be met by private industry would 
ABC consider constructing additional Government-owned test reactors. 

Question. Are your requirements in excess of the capacity of MTR-ETR? In 
excess of these and the NRU? 

Answer. Yes. 

B. SPECIFICATIONS 


Under Section B—Specifications, delete second paragraph and _ substitute 
therefor the following: 

“The AEC is not seeking a proposal to build a single reactor or reactor complex 
which would satisfy all of the listed requirements. It would prefer that there 
be three or more reactors in which AEC would be a major but not the sole 
user. The extent and nature of the response to this invitation will be important 
in determining the number of contracts to be negotiated.” 

Question. Will all of the loops be of the through type or may some of them be 
reentrant or hairpin type? 

Answer. In general, if the loop meets the functional requirements and other 
specifications of appendixes A and B, the type of loop is of secondary importance. 
The advantage of a through loop is that it generally affords the maximum useful 
test volume for a given size hole in the test reactor. In appendix C, we have 
specified a number of holes in different size and flux ranges. In order that these 
holes may have maximum potential advantage, some of them should be capable 
of accommodating through loops. 

(This is p. 1 of a 10-page document. ) 
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U.S. Atomic ENERGY COMMISSION 


Washington, D.C. 
No. B.121 


JULY 24, 1959. 


AEC SeE.LeEcts, AS BASIS FOR CONTRACT NEGOTIATIONS, PROPOSAL OF BABCOCK 
& Wiicox Co. ror Test IRRADIATION SERVICES 


The Atomic Energy Commission has selected, as a basis for contract negotia- 
tions, the proposal of the Babcock & Wilcox Co. to provide the Commission with 
test irradiation services in a 60,000-thermal-kilowatt test reactor the company 
would build in Lynchburg, Va. 

The proposed test reactor would be water cooled and moderated. It would 
take 2 years to build and would be used to provide irradiation services for 
a 5-year period. The estimated cost to the Commission would be about $15 
million over the contract period. The reactor will be used primarily to meet 
the Commission’s test needs for neutrons in the low- and mid-flux ranges. 

Neutron flux is the intensity of neutrons in a given area of a reactor to which 
components and materials may be subjected. This area provides environmental 
conditions similar to conditions in reactors for which the components and ma- 
terials are intended. 

The Babeock & Wilcox proposal was Selected from among 11 submitted in 
response to a Commission invitation issued last October. Two proposals later 
were withdrawn. 

To meet the Commission’s expected low- and mid-flux requirements for ir- 
radiation services during the 2-year period of construction of the reactor at 
Lynchburg, as well as other requirements for irradiation services which may 
not be assigned to the Babeock & Wilcox reactor, the Commission will negotiate 
for space in other privately owned test reactors which are existing or may be 
built. 

None of the proposals provided an acceptable means of meeting a substantial 
portion of the Commission’s high-flux test requirements included in the public 
invitation. ‘The Commission, therefore, is initiating a design study of an 
advanced test reactor to meet these needs, and will discuss with industry 


and other interested parties the extent to which such requirements may be 
met in privately owned reactors. 


EXECUTIVE OFFICE OF THE PRESIDENT 
BUREAU OF THE BUDGET 
Washington, D.C. 


BULLETIN No. 60-2 
SEPTEMBER 21, 1959. 
To: The heads of executive departments and establishments. 
Subject: Commercial-industrial activities of the Government providing products 
or services for governmental use. 

1. Purpose.—The purpose of this bulletin is (@) to clarify the application of 
existing policy regarding competition between the Government and private 
enterprise in the light of executive branch experience under Bureau of the 
Budget Bulletins No. 55-4 of January 15, 1955, and No. 57-7 of February 5, 
1957, and (b) to provide for the evaluation of all commercial-type enterprises 
not previously reviewed. To make this program more manageable, procedures 
have been designed to simplify reporting and to permit agencies to direct their 
major attention to those activities of greatest significance and budgetary impact. 

2. Policy—It is the general policy of the administration that the Federal 
Government will not start or carry on any commercial-industrial activity to 
provide a service or product for its own use if such product or service can be 
procured from private enterprise through ordinary business channels. 
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REPUBLIC AVIATION CORP., 
Farmingdale, N.Y., October 1, 1959. 
Hon. JoHN A. McCONE, 
Chairman, Atomic Energy Commission, 
Washington, D.C. 

Deak JoHN: We have noted the Commission’s desire to discuss with industry 
the extent to which the high-flux test requirements of the Commission may 
be met in privately owned reactors. The Commission’s views on this subject 
appeared in its news release dated July 24, 1959, and were restated to repre- 
sentatives of our industry group in a meeting with the Commission’s staff 
members at Germantown on July 29, 1959. 

We wish to bring to the Commission’s attention our continued interest in 
furnishing reactor irradiation services in a high-flux test reactor designed to 
meet the needs of the Commission. 

We have indicated our willingness to participate in such a program on the 
basis of either an industry financed and operated reactor or a Government- 
financed and industry-operated reactor which will furnish neutron fluxes higher 
than those currently available. We are prepared to construct a high-flux test 
reactor of advanced design and to operate the facility in any area in which 
the public interest will best be served. In addition, we are interested in leasing 
part of the space in this new high-flux reactor on a cost-sharing basis. 

Three basic plans for industry and the Commission to collaborate in providing 
a new high-flux test reactor of advanced design are summarized in the following 
table: 








Plan Design Site Construction Operation 
Ws ie cst sac tans kh centile cae a ccdlaioe wale POO ia ccick In@ustry......<<.< Industry. 
Oe a gc nt a Sees TSS a diaaiestccrmentiice Do. 
Re cs deco aGaeuneennaes Wie edocs BT tncicianncimnaadl TR pickcnteuierit Do. 


Under plan A, the industry group proposes to design, build, and operate a 
high-flux reactor with private funds on its own site. Under plan B, the industry 
group proposes to finance, build, and operate a reactor designed by the Com- 
mission on an industry site. Both plan A and B are guided by AEC policy to 
foster private participation in the test reactor program as described in its policy 
statement of November 8, 1956, and restated in the minutes of its irradiation 
services information meeting held on November 19, 1958. 

Should circumstances make it desirable that the reactor be Government 
owned but operated by private industry on a contractual basis, then the industry 
group emphasizes its interest in being selected as the industrial operating con- 
tractor. Under plan C, therefore, the industry group proposes to participate 
in the design of a facility constructed under direct authority of the Commission 
and to operate the facility under contract with the Commission. 

The companies making up our industry group have diverse business activities 
but have a common interest in developing nuclear energy from different points 
of view. Allis-Chalmers is actively engaged in the nuclear power program; 
Minnesota Mining & Manufacturing Co. is engaged in research and develop 
ment of new materials for the nuclear industry; Republic Aviation has a vital 
interest in nuclear propulsion and nuclear energy for space applications. 

The nuclear activities of these three companies include such aspects of 
nuclear development as research, test, and power reactor design, development 
and construction; reactor fuel elements, high temperature materials, thermo- 
electric materials; plasma propulsion systems; design studies for nuclear- 
powered vehicles; and radioisotope applications. As a consequence of these 
interests and activities, the group has acquired an extensive nuclear capability. 

We have prepared a conceptual design of an advanced test reactor which 
meets the Commission’s highest thermal-flux requirements, including those of 
the naval program. The design of the reactor facility will allow for future 
modification to achieve higher fluxes, if required. Other features of the proposed 
design include long regions of usable test space and improved mechanical ar- 
rangements. A copy of the design study is enclosed with this letter. 
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We will appreciate your consideration of this proposal, and the opportunity 
to discuss the details of the conceptual design study with the Commission at 
its convenience. 

Very truly yours, 
Mounpy I. PEALE. 





U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., October 15, 1959. 
Mr. Munpy I. PEALE, 
President, ae~senre Aviation Corp., Farmingdale, N.Y. 


Dear Mr. PEALE: Your letter of October 1, 1959, to Mr. McCone has been re- 
ferred to me for reply. 

We are most appreciative of the interest shown by the Republic Aviation, 
Allis-Chalmers, and Minnesota Mining & Manufacturing group in furnishing 
reactor irradiation services in a high-flux test reactor designed to meet the 
needs of the Commission. 

It is still our intent to discuss with industry how these needs may be met in 
privately owned reactors. In preparation for the discussions, we are presently 
undertaking an intensive review and reevaluation of projected Commission re- 
quirements, as well as a review of the conceptual design study prepared under 
direction of the AEC Idaho Operations Office. The Republic Aviation Corp. 
report on conceptual design studies, which was enclosed with your letter, is 
also being reviewed in connection with the undertakings described above. 

We shall notify you promptly when we have completed this work in order 
to establish mutually satisfactory arrangements for a meeting with representa- 
tives of your group. 

Sincerely yours, 
FRANK K. PITTMAN, 
Director, Division of Reactor Development. 


(Original signed by A. J. Vander Weyden. ) 

Representative Honiriecp. I would like to ask you if you are xware 
of the record of privately built test reactors in obtaining customers? 
I recently visited an installation on the west coast where a private 
company had built quite a number of hot cells, and their complaint 
was that industry was not using them. We have run across the prob- 
lem of competitors using another competitor’s test reactor right along. 
Have you any solution for that factor? We did go along with some 
of these test reactors being built by private industry, and I think 
their experience has been that their competitors don’t want to use 
them. 

Mr. Ryan. To answer your question, sir, 1 am not fully familiar 
with it. I am familiar with part of it. I am familiar with the last 
observation you made, that the competitive position in the industry 
does create a problem as to Mr. Jones using Mr. Smith’s reactor. 
However, the conclusion that I have drawn is based on a market 
survey which we caused to be made a few years ago by a reputable 
industrial engineering firm, plus a survey we made of our own where- 
by we felt that there was a need for a high-flux test reactor and that 
we could generate customers for it. 

Representative Hotrrrecp. I would say that you undoubtedly have 
a survey to fall back on, but we have actual experience to fall back on 
in other types of scientific services offered by competitors to com- 
petitors, and we just find that there is a natural reluctance. I am not 
criticizing it because, certainly, the operator of a test reactor of any 
type, whether it is high flux or low flux, knows what happens in that 
_ He has to follow the instrumentation with his experts to make 
a report to the individual renting a cell. If it does happen to be in 
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the field of trade secrets, as we ordinarily call them, then it is no 
longer a trade secret by the man who hires the hot cell in a test facility. 
It becomes a joint piece of knowledge between the renter of the cell 
and the owner of the cell. This, it seems to me, is a pretty insurmount- 
able factor to overcome. If you have a test reactor—I can’t recall 
now, but it seems to me that there is a service that is offered on a 
completely objective basis by a firm that is not a competitor. It seems 
to me it is Battelle Institute. I could not think of the name right at the 
moment. That type of operation would be, it seems to me, an opera- 
tion where every competitor could go and be entitled to an objective 

secret analysis of his test. But where you have the competitor himself 
owning the test reactor and another competitor forced to come to him, 
[ just don’t think you will overcome that type of objection. 

Represent: itive Hosmer. If the gentleman will yield, is Republic en- 

gaged in any other type of atomic work in this proposed running of 
atest reactor business ? 

Mr. Ryan. Not at the moment we are not; no. 

Representative Hosmer. Then if you staved pure and clean of other 
work, you would not run into the situation Mr. Holifield mentioned. 
But the minute you start to expand in any other type of atomic busi- 
ness, you would put yourself in competition with your customers on 
your test reactor. At least there would be a suspicion that contflict 
might arise. 

Mr. Ryan. Yes. IT admit the problem is there. 

Representative Hosmer. There is one other thing I want to nail 
down right now. Anybody who goes into this business had better go 
into it on the same basis of confidence with their customers as attor- 
neys have with their clients. Otherwise, they are not going to get a 
business going at all. I think that is the basis of Mr. Holifield’s sug- 
gestion, that at the present time these people want to go to Govern- 
ment laboratories because they know their information will be pro- 
tected. But they are not sure it will be protected if they go into the 
laboratory of a competitor. 

Mr. Ryan. That is right. The proprietary interest is a problem. 

Representative Horirretp. An operation like Battelle or any uni- 
versity-operated project or something like that, operated by an ‘objec- 
tive entity, would solve the problem. I con hardly see where in this 
particular field you can mix up the private enterprise operation with 
competitive operations. There may be a solution, but I don’t see it. 

Mr. Ryan. I don’t have one at the moment, I assure you. 

Chairman Anperson. Thank you, Mr. Ryan, very much. 

Mr. Ryan. Thank you. 

(Subsequently the following letter regarding Mr. Ryan’s testimony 
was received and is incorporated in the record :) 

REPUBLIC AVIATION Corp., 
Farmingdale, Long Island, N.Y., March 8, 1960. 


Senator CLINTON P. ANDERSON, 
U.S. Senate, Washington, D.C. 


DEAR SENATOR ANDERSON: At the time I testified before the Joint Committee 
on February 19 of this year several members of the committee raised the 
question of a potential conflict of interest existing between the operator of a 
privately owned test reactor and the customers using the reactor facilities for 
the conduct of their own experiments. The discussion which ensued provoked 
a number of interesting comments, and I thought you and the members of the 
committee would be interested in the views we have adopted on this subject and 
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which we have attempted to outline briefly for your consideration in the re- 
mainder of this letter. 

We believe the problem is a real one which necessarily exists in varying de- 
grees in connection with the operation of any facility offering services to com- 
peting customers. It is also our view that a satisfactory solution to the prob- 
lem is essential in order to generate sufficient commercial use of the reactor 
to insure a successful enterprise. In our opinion, however, adequate methods for 
safeguarding proprietary interests are presently available and should be offered 
to each customer utilizing the services of the facility. Some of the proposed 
methods and programs we are willing to adopt in the operation of a high-flux test 
reactor are the following: 

First: The reactor operator will be organized with a separate and distinct 
corporate identity with suitable provisions contained in its charter to restrict it 
from adopting interests which may conflict with its primary function of operat- 
ing the facilities for the Government and commercial users. 

Second: The operator will offer its customers a contractual guarantee to 
safeguard all confidential disclosures required of the customer to provide for the 
safety and control of the reactor during the experiment. 

Third: The contractor will allow each customer to maintain control of the 
data relating to its own experiment by permitting the use of the customer’s 
personnel to record, analyze, and interpret the results of the experiment. 

Fourth: The operator will offer its customers a contractual guarantee not to 
publish, use, or disclose information communicated by the customer or developed 
from the customers’ experiment for its own benefit or for the benefit of other 
customers. 

Fifth: The operator will not seek or impose against customers an obligation 
to waive any of their proprietary interests or rights disclosed or developed in 
connection with their experiment in order to utilize the services of the reactor. 

We are convinced the adoption of the program sketched in this letter will 
not only eliminate concern by the users of the test reactor regarding the safety 
and confidence with which their information will be treated by the reactor 
operator, but also will permit private industry to carry on proprietary irradia- 
tion testing work with greater freedom from the restrictions imposed cn pro- 
prietary work in Government-owned and industry-operated testing facilities. 

Very truly yours, 
JOHN J. RYAN. 

Chairman Anperson. The last witness is Mr. Gordon Weller, of 
the Uranium Institute of America. 


STATEMENT OF GORDON A. WELLER, URANIUM INSTITUTE OF 
AMERICA 


Mr. Wetier. Thank you, Mr. Chairman and members of the Joint 
Committee on Atomic Energy, my name is Gordon Weller. I am 
executive vice president of the Uranium Institute of America. Our 
corporate charter on file here in the District of Columbia directs that 
we shall engage in activities that will improve the cooperation between 
Federal and State Governments and all segments of the nuclear fuels 
industry; to foster and encourage the science of finding, producing, 
processing, fabricating, and marketing uranium; and to engage in any 
lawful activity that will improve the economic progress of the indus- 
try. Our institute headquarters is at Grand Junction, Colo. 

Before getting into the main testimony, I should like to answer one 
question that was presented to Dr. Spector. The Atomic Energy 
Commission provided a projection of uranium commitments and de- 
liveries to the industry last April 1959, which provided a rather 
clear-cut prospectus for the industry. I think this might be an ade- 
quate answer to Mr. Holifield in his question about the Ford Motor 
Co. planning its future production. 
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Representative Hoxtrrerp. Does that represent both domestic and 
international, or just domestic ? 

Mr. Wetter. It includes projections as of April 1959 for domestic, 
Canada, and overseas. 

Representative Hosmer. How many years? 

Mr. Wetter. Through 1966; calendar year 1966. 

Representative Horirreip. Then your point is that information is 
available to Dr. Spector ? 

Mr. Wetter. We have been provided assurances that this market 
would exist; yes, sir. 

Representative Hoxirrecp. I did not understand exactly what Dr. 
Spector meant. Maybe he was speaking in terms of not the whole 
industry but his specific plant. He did not know how much of that 
projected purchase he would get. Maybe that was the point. 

Mr. Wetter. I see. Of course, it would not be proper for me to 
speak on behalf of his specific operation. 

This is the fourth year that we have had the honor of being invited 
to submit testimony at these hearings, and we wish to assure you of 
the Uranium Institute’s desire to cooperate fully with the informa- 
tional needs of this committee and other committees of the Congress. 


URANIUM VIEW, 1960 


The year 1960 is significant for the uranium industry. This is 
the year we achieve the full rate of production which has been set 
for us by the Atomic Energy Commission. During this year, for the 
first time, the domestic industry will produce more uranium concen- 
trate for purchase by the Atomic Energy Commission than that 
purchased from Canadian and oversea sources. In the years imme- 
diately ahead, we will see the quantity of uranium to be purchased 
from nondomestic sources continually reduced, while the domestic 
industry’s production remains at its present level of approximately 
18,000 tons per year through the calendar year 1966. 

Without a doubt, the United States has outdone every other nation 
in the world in its procurement of uranium. We have justified this 

rogram on the basis of the tremendous potential energy which can 
Ls produced from this miracle fuel for both the military and the 
peaceful requirements of our Nation. 

Those of us in the industry have been proud of our part in the 
accomplishment of these objectives because of our strong conviction 
that the farsighted plan to develop this important reserve of uranium 
will, in the years immediately ahead, prove to be one of the most im- 
portant investments that our country has ever made. First, our 
growing uranium supplies and our rapidly advancing nuclear- power 
technology will remove all doubts as to our long-range capabilities 
as a leading industrialized Nation of the world. Secondly, it will 
justify the “development of technology which will best utilize the 
promising chemical and energy potentialities of other fuels which 
are abundant in our country. And, third, our supply of uranium 
assures us of our ability in the years immediately ahead to extend a 
helping hand to the underdeveloped countries of the world, to help 
to improve their standards of living, which is so closely tied to power 
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production, and to thereby broaden the commercial possibilities for 
all industrialized nations of the world. 
We hold to these convictions in spite of the temporary setbacks that 
various phases of the atomic energy program have experienced in the 
past 2 years. 


STATUS OF THE INDUSTRY 


In its annual report to the Congress for the year 1959, the Atomic 
Energy Commission has prov ided an excellent review of the present 
status of the uranium industry (pp. 55-62). We commend your 
reference to this excellent presentation for many of the facts con- 
cerning the present status of the industry. Because of this review, 
this presentation will avoid many of the matters upon which we might 
otherwise wish to dwell. We do have a few comments, however, which 
are inspired by the 1959 AKC annual report. 

While the industry has established its production levels at the 
present time with an annual production of about 18,000 of U,O, per 
year, and expects to operate at approximately this level through the 
calendar year 1966, there are a great many uncertainties, the solu- 
tions for which we hopefully look to the remaining months of 1960 
to bring. 

Before describing these uncertainties, however, perhaps I should 
justify this contention by directing your attention to a symptom of 
our problem. As you know, a substantial part of this industry’s 
growth was the result of investment capital provided the industry 
through the issue of public stock and bond subscriptions. In the 

early years of the uranium industry, uranium stocks were recognized 

for the speculative quality that they were. At the present time, 
however, a great deal of the speculation has been removed from the 
industry, and uranium stocks should compare very favorably with 
other mining-industry stocks. 

Such is not the case, however. I do not appear before this commit- 
tee as an expert analyst of uranium stock issues, nor is it my desire 
to influence the market value of uranium stocks through any state- 
ment I make here. I do submit, however, as one very “positive evi- 
dence of the uncertainties of our industry, the very low level at which 
uranium stocks presently are priced with respect to returns which 
are indicated through the procurement program of the Atomic Energy 
Commission and the established reserves which have now been devel- 
oped with a great degree of conservatism. 

In considering this problem with security analysts, I have come to 
the conclusion that these artificially low prices are almost entirely 
due to the generally recognized uncertainty by the investing public, 
which the uranium industry faces in its relationship with the 
Government. 

My principal purpose in appearing before you today, therefore, is 
to solicit your very valuable assistance in helping to remove some of 
these areas of uncertainty and to thereby effect the industrial health 
for the uranium industry that is ws arranted through the efforts of the 
Atomic Energy Commission and this committee of the Congress. 

Let me give you some examples. 
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STATUS OF MILL CONTRACTS IN THE URANIUM INDUSTRY 


A brief review of the status of contractual relationships of the 
milling industry with the Atomic Energy Commission in the various 
States does not produce a wholly reassuring picture. Very briefly, 
the pic ture is this 

Oregon has one mill, with the contract due to expire late in 1963. 
The economics of the uranium operations in Oregon appear to be 
extremely tight, and prospective operations which were apparent at 
the time of mill negotiations now appear to be extremely marginal. 

Washington, Arizona, and South Dakota each have one uranium 
mill, with contracts due to expire at the end of March 1962. Inde- 
pendent operators in these States are finding market conditions difli- 
cult to meet, and in many cases have ceased operations. 

Wyoming, one of the most recent States to come into the family of 
uranium producers, has one of the most secure outlooks at the present 
time. Of the five mills now operating in that State, only one is yet 
to renegotiate its contract to the end of 1966, and this mill now holds 
a contract through late 1963. Markets for independent production 
in this State appear to be generally good, but some operators antici- 
pate a breakdown of the allocation system in the post-1962 period. 

Mill capacity in New Mexico now constitutes over 50 percent of the 
industry’s production, and three of the mills now hold contracts 
through 1966. The former contract for the mill at Shiprock expired 
October 31, 1959, and negotiations proceeded until November 24, be- 
fore an extension was finally negotiated. Kighty-five percent of the 
uranium ore tributary to this mill comes from the N avajo Reserva- 
tion, and a great deal of uncertainty confronted the operators in this 
area before the mill contract was consummated, almost a month after 
termination of the earlier agreement. 

Most of the contracts for milling operations in both Wyoming and 
New Mexico are of such short duration as to preclude the possibility 
of full amortization of capital investment prior to March 1962, the 
terminal date set for fast writeoff on a 5-vear basis. Some of the 
mills in this category were successful in negotiating contracts through 
1966 which served as some compensation that permitted the proper 
financing of mill construction costs. Other mills are yet to receive 
contracts for the post-1962 per iod—a matter which we understand 
is now well advanced in its negotiation stages of the Commission. 

Of the four mills operating in the State of Utah in 1959, the Gov- 
ernment-owned facility at Monticello was placed on a standby basis 
at, yearend. This mill afforded an important market to independent 
ore producers, but also complicated a limited eligible ore reserve situ- 
ation with respect to the remaining mill capacity. Two of the three 
remaining mills now hold contracts through 1966, and the third 
through March of 1962. 

Seven mills are opel rating in Colorado, with the most recently 
authorized facility at Canon City operating under a contract expiring 
at the end of calendar year 1965. The Gunnison plant holds a con- 
tract. to the end of 1962; all other mills hold contracts which termi- 
nate in March of 1962, except for the Grand Junction mill, whose 
contract expires in July of this year. 
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According to our analysis, then, 11 of the 25 mills now authorized 
by the Commission hold contracts which expire in March of 1962 or 
before. Three additional mills will require new contracts in 196: 
if they are to continue to operate under the Government market. The 
Grand Junction contract is now so close to termination that a con- 
dition similar to that experienced in the Shiprock contract is now 
seriously threatened. All mining and auxiliary operations, as well 
as the companies involved in such contracts, find it extremely difficult 
to establish production schedules and maintain proper employment 
morale under such conditions. 

We have contacted most of the milling companies holding con- 
tracts which expire in 1962, and we are advised that negotiations are 
weel in progress, with the expectation for successful completions be- 
fore the end of this year—a condition which will greatly relieve the 
uncertainties now being experienced. 


MODIFIED PURCHASE PROGRAM 1962-66 


Markets for uranium in the period after March 31, 1962, and ex- 
tending through calendar year 1966, will be subject to the modified 
purchase program announced by the Commission on November 24, 
1958. As you know, this modified program limited the market guar- 
antee announced by the Commission on May 24, 1956, for the purchase 
of uranium. 

The earlier purchase program provided for a “guaranteed market 
for all uranium concentrates produced by domestic mills from domes- 
tic ores, subject to a limitation, at the Commission’s option, of 500 tons 
of U;Os per year from any one mining property or mining opera- 
tion, and to compliance with Commission specifications.” * 

In announcing this first post-1962 market guarantee to the industry, 
the Commission explained that the action was taken “in recognition 
of the need for a continuing Government market in order to maintain 
a high rate of exploration and development.” ? The ef‘ect of this pro- 
gram was to provide regions which had sufficient established milling 
capacity with the assurance that ore reserves could be marketed as 
and when they were discovered in accordance with the ability of ex- 
isting operations to process the ores produced. In areas of new estab- 
lishment where inadequate mill capacity existed, the program pro- 
vided sufficient assurance to justify extensive drilling programs to de- 
fine ore reserves and to thereby justify proposals for the construction 
of new mills and the commitment by the Commission for the purchase 
of uranium concentrates produced therefrom. 

When this first post-1962 program for the purchase of uranium was 
modified on November 24, 1958, areas with sufficient established mill- 
ing capacity were caught without any extensive reserve development 
programs ace omplished because such work did not appear to be needed 
under the original program—no new mills were required. Areas 
which required new mill capacity, however, utilized the program to 
establish adequate reserves to justify such mills and therefore were 


able to qualify their newly established reserves as eligible ore under 
the modified purchase program. 


1 Press release No. 830, issued by the Atomic Energy Commission, May 24, 1956. 
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As a result, the November 24, 1958, announcement was seriously 
punitive to the districts of older establishment—particularly those 
which are characterized by many scattered small deposits—areas fa- 
vorable to operation by independents. Districts of this type occur in 
Colorado and Utah, South Dakota, Arizona, and Was shington, and to 
some extent in New Mexico and Wyoming. 

Accordingly, the modified purchase program in general, has been 
most punitive with regard to the independent producer located in 
these areas, and has compelled this organization, by virtue of its char- 
ter, to argue vigorously for relief of this segment of the industry, al- 
though we are not conceived to be an organization which exclusively 
represents the cause of the independent, nor of any given area. 

We cannot overemphasize the seriousness of one aspect of a modified 
purchase program as it is now being administered by the Atomic 
Energy Commission. The November 24, 1958, announcement stated 
that the Commission “will carry out its May 24, 1956, commitment 
with respect to ore reserves developed prior to this date.” The key 
to the administrative procedures established for the execution of this 
policy is the definition of what constitutes “ore reserves.” 

At the time that the Uranium Institute issued its “blessing in dis- 
guise” reaction (UIA release No. 54, issued Nov. 25, 1958) to the 
modified purchase program, we interpreted the term “ore reserves” to 
refer to presently established uranium districts. It was inconceivable 
to us then, and it is today, that the Commission could authorize the 
construction of milling facilities under a policy which offered every 
assurance in the world that such mills would operate through calendar 
year 1966, so long as there was ore production available for processing 
within the terms of the mill contracts involved, and then to adopt a 
policy which would artificially render ineligible ore reserves which 
would otherwise be available for such operations. 

We need only remind ourselves of the fact that in the oldest 
uranium district, the Colorado Plateau, mills were authorized and 
built, in the early period of this program, of sufficient capacity, that 
they would have consumed the then-known ore reserves in 18 months’ 
time. Yet, this capacity has been operating and growing for more 
than 10 years. It is obvious that the Commission itself justified its 
program on ore reserves that were implied rather than actual. Ac- 
cordingly, the term “ore reserves” has had broad meaning, and was 
so interpreted when the modified program was announced in Novem- 
ber of 1958. 

In actual experience, operators have indicated that methods for the 
appraisal of ore reserves have been changed several times during the 
course of negotiations, with the Commission, for the establishment of 
eligible reserves under this program. 

We submit that such arbitrary administration of the modified pur- 
chase program is in serious violation to the basic concepts under which 
the industry initiated its operations. 

We submit the procurement program should be permitted to pro- 
ceed through 1966 for the districts which were established as of No- 
vember 24, 1958, to such extent as mill capacity has been authorized 
and as ore production from all reserves in those districts will permit. 

We further submit that any other interpretation of this program 
will be so arbitrary in nature as to create inequities resulting in tre- 
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mendously difficult administrative functions that will require excessive 
policing and adjudication functions by the staff of the Atomic Energy 
Commission at Grand Junction and its branch offices. 

Still another ominous threat confronts producers in the vanadium- 
uranium ore districts of the Four Corners region if the present pro- 
cedures of the Atomic Energy Commission are rigidly pursued. The 
program will force 90 percent of the independent operators out of 
business before the conclusion of the procurement program in 1966 be- 
cause of lack of “eligible reserves.” The tragedy of this prospect 
lies in the fact that in the post-1966 commercial markets for uranium, 
production from vanadium-uranium ores may prove to be of great 
appeal because of the byproduct status, which uranium will be per- 
mitted to assume with respect to vanadium in such mining districts. 
Independent operators, therefore, might be able to continue to enjoy 
a mining occupation which they have followed in many cases for more 
than 30 years in this region, if they are not forced prematurely to 
terminate their operations because of arbitrarily drawn administrative 
procedures. 

Mr. Chairman, because of its concern as to the effects of modified 
purchase program on uranium-producing areas of western Colorado, 
and because of the then expected exercise by the United States of op- 
tions for purchase of further quantities of uranium from rondomestic 
sources, the Gunnison (Colo.) Chamber of Commerce board of direc- 
tors framed and adopted a resolution concerning the continued do- 
mestic uranium markets through the year 1966. This expression be- 
came known in the industry as the Gunnison resolution, and was 
subsequently adopted by many city councils, boards of county com- 
missioners, chambers of commerce, and other organizations concerned 
with the economic well-being of uranium areas of the West. With 
your permission, I should like to include for the record a copy of the 
Gunnison resolution, and the list of organizations which adopted this 
expression during the late summer and fall of 1959. 

(The information referred to follows :) 


GUNNISON RESOLUTION CONCERNING THE CONTINUED DOMESTIC URANIUM MARKET 
THROUGH THE YEAR 1966 


Whereas the uranium industry has been developed through the urgent require 
ments of the U.S. defense program, and the promise of a highly productive 
“Atoms for Peace” program ; and 

Whereas the U.S. Atomic Energy Commission on May 24, 1956, issued positive 
assurance to the domestic uranium industry that a market for uranium concen- 
trates would be assured through the calendar year 1966, with properly defined 
production limitations ; and 

Whereas hundreds of uranium operators and mining companies have made 
substantial investments based upon the assurances that were issued by the AEC, 
of which the May 24, 1956, announcement cited above is only one example; and 

Whereas substantial progress has been made since 1956 in the perfection of 
nuclear reactors for the production of electric power, and the propulsion of ves- 
sels and vehicles through the water and air, and on the land, thereby assuring 
the continuing and growing market for uranium for peaceful uses: and 

Whereas the United States has been buying uranium concentrates from the 
Dominion of Canada and from other foreign sources for the past 5 years at 
prices 25 to 40 percent above the average price paid for concentrates to the 
domestic industry, and the AEC, within the past few months, has extended its 
commitments to Canada at a time when increasing limitations were being im- 
posed upon the domestic industry ; and 

Whereas the development of the uranium industry has involved the employ- 
ment of thousands of skilled and semiskilled people, the investment of millions 
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of dollars in plant and mine facilities, and the expansion of many western com- 
munities to accommodate the housing and trade requirements of the newly 
developed uranium industry : Now, therefore, be it 

Resolved: 


1. The Atomic Energy Commission and the U.S. Congress maintain the re- 
quired markets for uranium through its raw materials procurement program to 
permit the industry to operate at the level which has now been established in 
existing and negotiated mill capacities and concentrate production levels, through 
the calendar year 1966. 

2. The Atomic Energy Commission and the U.S. Congress continue to support 
such research and development programs in the field of the peaceful uses of 
atomic energy and of uranium as a nuclear fuel, to speed the achievement of 
economic uses of uranium for the growing energy requirements of this Nation 
and of the other friendly countries throughout the world. 

3. The Atomic Energy Commission and the U.S. Congress authorize no further 
commitments for the procurement of uranium from sources outside the United 
States so long as procurement from domestic sources is restricted. 


ORGANIZATIONS WHICH HAVE ADOPTED THE GUNNISON RESOLUTION 
City Councils: 
Cortez. 
Delta. 
Grand Junction. 
Gunnison. 
Lake City. 
Leadville. 
Naturita. 
Montrose. 
County commissions: 
Gunnison. 
Hinsdale. 
Lake. 
Mesa. 
Moffat. 
Rio Blanco. 
San Juan. 
Chambers of commerce: 
Glenwood Springs. 
Grand Junction. 
Gunnison. 
Paonia. 
Others: 
Club 20 (representing 20 western Colorado counties). 
Grand Junction Junior Chamber of Commerce. 
Uranium Institute of America. 


PROBLEMS OF THE INDEPENDENT PRODUCER 


Mr. Wetier. We must be mindful of the fact that no procedure 
has ever been established by the Commission guaranteeing a market 
for ore production from independent producers except for small 
quantities of carnotite and roscolite ores, eligible for purchase at 
the Monticello mill under Circular 5. Markets which presently exist 
for such producers are by virtue of mill contracts, with provisions 
for a stipulated percentage of mill capacity to come from independent 
producers if the ore is available. These mills are at liberty to shift 
their markets, however, from one producer to another, or to adjust 
their specifications for minimum grade or amenability of ore, in a 
fashion best suited to the mill’s operating convenience. It is obvious 
therefore that this practice has not provided the assured market to 





ure 
ket 
vall 

at 
xist 
ons 
lent 
hift 
just 
na 
ious 
t to 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 263 


independent producers which exist under Circular 5, nor which is 
enjoyed by the mills for their own ore production. 

Some mills are currently operating at custom ore capacities con- 
siderably less than that specified in their contracts. No public review 
is ever made by the Commission of such oper ations before authority 
is granted for such contract deviations resulting in a reduction of 
custom capacity in favor of ore production from the mill’s captive 
mines. 

These operating conditions have placed the mills in a very domi- 

nant position, wherein they can inflict serious punitive policies on 
those independents who might question operating policies, challenge 
ore-sampling procedures, or might support organiaztions which are 
not endorsed by such mills. 

A few years ago, in discussing these matters with Commission 
officials in Grand Junction, we expressed our fear that this trend 
was developing. We were advised that when the program was com- 
pleted, there would be sufficient milling capacity in uranium-produc- 
ing districts to force the mills to compete for ore production from 
the various independent producers. We find now, of course, that 
such competitive spirit between mills is rare. Ore reserve growth 
long ago outstripped mill development. 

Fortunately, most of the mills have recognized the responsibility 
which has been placed upon them in their present position as ore 
buyers, and have voluntarily established very equitable buying pro- 
cedures, intended to maintain the healthiest market environment for 
the operators tributary to their operations. Several positive steps 
could be taken, however, to relieve the problems of the independent 
producers which I have just described to you. 

(1) The terms of contracts with every milling operation in the 
domestic industry and the agreements with all foreign sources for 
uranium which have been negotiated by the Atomic “Energy Com- 
mission should be placed on open file. The condition exists today 
that the independent producer is denied an exact understanding of 
the nature of the market under which he has made large invest- 
ments, created many obligations including the employment of many 
mining and administrative people. We have urged that the Com- 
mission adopt this policy of contract terms disclosure for more than 
12 months, and have discussed it in private conferences with Com- 
mission officials and in open meetings. We emphasized the problem 
again in testimony before the Joint Economic Committee last October 
and on the same day were assured by an official of the Commission 
in the presence of many outstanding authorities in the atomic energy 
field that mill contracts would be placed on open file in the immediate 
future. 

Mr. Chairman, we find that this policy is yet to be adopted at the 
Grand Junction Operations Office, and I do not believe it is in practice 
~ in Washington. 

2) Monthly. reports should be issued by milling companies to the 
Ssiecuiowinas and made available for public review of the quantities 
of ore received room each producer and processed. Furtherriore, 
the names of producers who have shipped ore to mills and have been 
refused a market should be given, and the reasons for such refusal 
made evident. 
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(3) A procedure for adjudicating market hardship and inequities 
should be established to assure equal treatment among all independent 
producers tributary to any given market. 

It is our belief that if these procedures were adopted by the Com- 
mission, there would be rare occasion for producers to have to resort 
to adjudication procedures in order to maintain an adequate market 
relationship. 

Another facet of the problem of the relationship between mill and 
independent operator is that it has been frequently necessary for the 
mill to impose a quota on the production of an operator which has 
prevented that operator from producing all of the ore from his certi- 
fied properties for which he would be eligible for production bonus 
under the modified domestic uranium program, Circular 6 (F.R., 
title 10, pt. 60, sec. 60.6). Brief reference is made to this provision 
of the Commission uranium-buying program on page 59 of the annual 
report. 

We strongly urge that the Joint Committee and the Commission re- 
examine the unfulfilled portion of the bonus program, as it is now 
shortly to expire on March 31, 1960, and to consider extending bonus 
payments to those small operators who have had properties certified 
for bonus payment, but who have been unable to fully utilize the 
bonus for which they were eligible because of limited markets for 
their production. 

Representative Hottrrevp. Has there ever been any reason advanced 
for not making these contracts public as being connected with national 
security ¢ 

Mr. Wetter. No, sir. The reason that they have not been made 
public, as set forth by the Commission officials, is that they are com- 
pany confidential and that the Commission feels that it does not have 
the right to make them public, but the companies are at liberty to do 
so if they want to. The problem is that the precedent of confidenti- 
ality was established by the Commission. Each of these contracts 
were negotiated in secrecy during the early stages of the procurement 
program and there would be a natural tendency, I think, for the Com- 
mission to want to improve each successive negotiation. I think this 
is entirely proper. There, of course, was also the hazard of special 
concession, which was a hazard we had to accept under the security 
conditions. We feel this is all over. There has been an $8 price 
established. I think everyone accepts the fact that there were differ- 
ences between the early negotiations and that the present negotiations 
should be relatively on an equal plane. There should no longer be the 
possibility of special concession in contract negotiations. This would 
be precluded if agreements were made public. 

Representative Hoxirretp. Are you telling me that there is a flat 
price for big producers and small producers ? 

Mr. Wetter. As you know, the Commission announced the $8 price. 
There are some differences between the large producers and the small 
producers. 

Representative Hoxtrretp. Is it generally the fact that the small 
producers get more for their product than the large producers? 


Mr. Wetter. Are you speaking about the present contracts which 
expire at 1962? 


tepresentative Hortrretp. Yes. 
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Mr. Weiter. Yes; this is true, so far as I know. 

Representative Horrrretp. What would be gained by making them 
public? I am seeking the reasons for this policy and your reason for 
asking that they be made public. It is all past history. The contracts 
are signed. Why should you know, for instance, or why should some 
company A know that they are selling their product for $11 under 
the contract while company B is selling theirs for $124 Maybe they 
were negotiated at different times and they are matters of contract. It 
would be hardly be ethical to go back on a contract. There were dif- 
ferent urgencies at the time the contract was signed. 

Mr. Wetter. Certainly. I believe the approach is the wrong ap- 
proach. I should like to ask the question: Why should they not be 
made public ? 

Representative Houtrretp. All right. I don’t know why they should 
not be, nor do I know why they should be. If it is just back-fence 
curiosity on your part, knowing what your competitors are getting, I 
see no reason why that curiosity should be assuaged. 

Mr. Wetter. It is far from back-fence curiosity. I believe an inde- 
pendent producer should be able to see the contract under which con- 
centrates sold from his ore production are sold to the U.S. Govern- 
ment. If he can’t see this instrument, I think he is in a position of be- 
ing forced to be blindly dependent upon a market he doesn’t under- 
stand. Then we come along with a change in program and the Gov- 
ernment expects this producer to accept a change of program. This 
is extremely shortsighted, it seems to me, with regard to the independ- 
ent’s business requirements. 

Representative Horirretp. You are asking for a carrythrough on 
your production from yourself to the mill and from the mill to the 
Government. Is that what you are saying? This is of one particular 
company. I won’t say yours. 

Mr. Wetter. I don't represent a company. I represent industry 
members, both millers and independent operators. 

Representative Horirretp. Are you asking that all of these steps of 
all of the companies be public? 

Mr. Wetier. Absolutely. We owe this not only to the industry, but 
to the general public. This is public business; it is healthier that the 
public have the opportunity to scrutinize it. 

Representative Hotrrreip. I can understand why each company 
would want to follow the financial steps in regard to its own produc- 
tion through the mill to the Government, but I can’t understand why 
they would necessarily want to know each step of all of their competi- 
tors. 

Mr. Wetzer. I don’t think there is too much need of airing this 
information from the standpoint of competitive relationships of the 
mills. I think they pretty well know this already. There is far 
more information known by one mill about the other mill’s contract 
than there is by an independent about the contract of a mill to which 
his ore is tributary. 

Representative Horrrreip. I am not critical. I am just trying to 
find out what the reasons are. 


Mr. Wetter. I don’t believe you are, sir. I appreciate your ques- 
tions. 
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Chairman ANnprerson. Let us see if we can change it a little bit now, 
Here is company 6, we will say. It sells its ore to a large organiza- 
tion such as the Anaconda or some of those mines. If it finds out 
that Kerr-McGee or Anaconda, or somebody else, has a pretty good 
deal, will it be able to change the price it gets under its existing con- 
tract already executed w ith the Federal Government ? 

Mr. Wetuer. You are talking about Anaconda’s contract ? 

Chairman ANperson. No. You want to make these contracts pub- 
lic. I am trying to find out the value of making them public. Will 
any little company have the price it gets for ore raised one penny even 
if it is made public ? 

Mr. Wetter. No, sir. 

Chairman Anperson. Then what benefit does it get? 

Mr. Weter. Here is one very definite benefit. There is one milling 
company operating under a contract which had no provision in its 
contract forcing it to buy independent ore, but it did so by policy, 
until it got to the point where it found that it either had to go ahead 
and finish out its own ores under the prospect that it might not be 
able to continue to operate after its contract terminates or take in- 
dependent ore and have a lot of ore of its own in the ground when its 
contract expired. The independent should have known of these mar- 
ket conditions. 

Chairman Anperson. What value would there have been in making 
ublic the fact that its contract did not force it to buy ore from any- 
ody ? 

Mr. Wetier. Then the independent which developed mining prop- 
erties and spent a great deal of money in developing these properties 
would at least know that their investments were being made with 
some degree of jeopardy because their market was not assured. 

Chairman Anprrson. They already know that, because of the first 
2,000 mines which got started. How many of them are in operation 
today? Less than a hundred. So there was some jeopardy in the 
business generally. I am trying to find out how they benefit. What 

value do they get by knowing they are in jeopardy ? 

Mr. Wetier. Any businessman that goes into business tries to make 
an accurate appraisal of his market before he makes his investment. 
Why should this information not be available ? 

Chairman ANnpEerson. We were just talking about the Ford Motor 
Co. not knowing what its market is going to be. They still make cars, 
whether it will be a 6 or 7 million market. 

Mr. Wetter. That is just the point. The Ford Motor Co. knows 
it will be either 6 or 7 million. 

Chairman ANperson. But it does not know which it will be. 

Mr. Wetter. Because of precedent and trends, which are very re- 
liable statistical things. ‘There is no such statistical record with re- 
gard to the ee industry, and we have to depend on Government 
policy and we have to know as much about that policy as possible. 

Chairman ANnperson. I don’t see how putting these contracts out 
in the open will be an advantage. 

Mr. Wetxer. I don’t know that I can say anything further to sub- 
stantiate my position, sir. I simply reiterate: Why should they not 
be made public? They are eae business and the program is no 
longer classified. 
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Senator Arken. I might say, Mr. Chairman, that Henry Ford did 

not have much to go on in the way of statistical records when he 
started making cars, but he did pretty well in spite of it. 

Chairman ANpersoN. This is a matter that has come up several 
times, that this is public business and it all ought to be out in the 
open. 

Mr. Wetter. Yes, sir. 

Chairman ANnperson. Sometimes that happens and sometimes it 
does not. I have not seen anyone ask that all the contracts between 
the Defense Department and subcontractors be published. 

Mr. Wetter. Possibly for security reasons. 

Representative Hosmer. I would like to say I share the views ex- 
pressed by the committee members this morning. I don’t think you 
have in any way satisfied our curiosity as to why these things should 
be made public. 

Representative Hoirtetp. I see no reason why they should not be, 
myself. 

Mr. Wetter. Very good. This is all we wanted to get from you. 

Representative Horirrevp. I have to be fair and say I see no reason 
why they should not be. I don’t want the record to stand that I have 
taken a position in one way or another on this, because I just don’t 
see the point. 

Chairman Anperson. You may proceed. 


EVALUATION OF FUTURE MARKETS FOR URANIUM 


Mr. Wetter. On several occasions over the past 2 years, AEC 
spokesmen have advised the uranium industry that programs of the 
industry to develop further reserves beyond those qualified for pro- 
duction through 1966 must be based upon “confidence in the future 
market for atomic power.” 

Mr. Chairman, the Uranium Institute has conducted many studies 
on the prospectus for uranium. Not too long ago, we held a 2-day 
symposium on the subject of “Future Markets for Uranium.” We 
have had to come to the conclusion that these studies are illuminating 
but that their results are quite transitory. A continuing study made 
in a consistent manner would have far greater value. 

We have looked to official expressions from leaders in high places, 
and on December 8, 1953, we find that President Eisenhower told the 
United Nations that our “(atomic) capability, already proved, is 
here—now—today.” ‘The President went on to prophesy: 

Who can doubt, if the entire body of the world scientists and engineers had 
adequate amounts of fissionable material with which to test and develop their 
ideas, that this capability would rapidly be transformed into universal, efficient, 
and economic usage? 

We also have the expression contained in the President’s budget 
message before this Congress advising us that— 
substantial increases for research and development activities will be offset by 
reductions in procurement of uranium ore concentrates from United States and 


Canadian producers. These reductions will bring ore supplies into better bal- 
ance with production requirements. 
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In studying the prospectus for the industry, in the years immedi- 
ately ahead of us we were very gratified that the Director of Raw 
Materials for the Atomic Energy Commission included a chart in a 
major address which he made last April which set forth the uranium 
deliveries and commitments of the Atomic Energy Commission, raw 
materials procurement program for fiscal years 1956 through the first 
half of 1967. 

I referred to this chart at the beginning of my testimony. I would 
like to ask if this could be included in the record. 

Chairman Anperson. I think there was some argument at one time 
with the AEC about the use of that chart. I think it is all cleared 
now. If it iscleared up, it will be included in the record. 

Mr. Wetier. Thank you very much. 

(The chart referred to appears on p, 274.) 

Mr. Wetter. We were, therefore, quite shocked to learn in studies 
which the institute has been conducting in the past few weeks that 
current projections of the Atomic Energy Commission reflect reduced 
figures for the projected years, fiscal years 1961-62-63, amounting to 
a total reduction of 1,000 tons of U;O; which the Commission now 
has lopped off its anticipated obligation to the domestic industry. At 
the same time, we find that anticipated obligations to the industry in 
Canada has been increased by 2,720 tons over projections made in 
April 1959. 

(A letter dated February 24, 1960, to Mr. Weller from Senator 
Anderson, regarding the above statement, and the UIA study, 
follows :) 

CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D. C., February 24, 196%. 
Mr. Gorpon A. WELLER, 
Executive Vice President, 
Uranium Institute of America, 
Grand Junction, Colo. 

DeaR Mr. WELLER: During your testimony before the Joint Committee on 
February 19, 1960, you stated: 

“We were, therefore, quite shocked to learn, in studies which the Institute 
has been conducting in the past few weeks, that current projections of the 
Atomic Energy Commission reflect reduced figures for the projected years, 
fiscal year 1961, 1962, and 1963, amounting to a total reduction of 1,000 tons 
of U;Os; which the Commission now has lopped off its anticipated obligation 
to the domestic industry. At the same time, we find that anticipated obliga- 
tions to the industry in Canada has been increased by 2,720 tons over projec 
tions made in April 1959.” 

The Joint Committee staff, following your testimony, immediately requested 
the AEC to comment on these figures, and a copy of the AEC letter dated 
February 19, 1960, was furnished you on your visit to the Joint Committee 
offices on February 24, 1960. In order to explore this matter further, we believe 
it will be necessary to obtain copies of the institute studies referred to in your 
testimony, and further details as to the figures you mentioned. Therefore, it is 
requested that you forward two copies of the institute studies to the Joint 
Committee, including an explanation of the derivation of the figures of 1,000 
tons and 2,720 tons mentioned in your testimony. 

Sincerely yours, 
CLINTON P. ANDERSON, Chairman. 
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URANIUM INSTITUTE OF AMERICA, 
Grand Junction, Colo., February 29, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DEAR Mr. CHAIRMAN: In accordance with your request of February 24, we 
will be happy to transmit the specific studies relating to our contentions con- 
tained in our testimony of February 19. 

Conferences held with Commission officials in Washington since our testimony 
substantiate our position with respect to the domestic industry. A question has 
developed, however, in regard to the exact magnitude of the Canadian projection 
increases. We are currently reviewing this phase of our studies. 

We anticipate that this material can be put in form to transmit to you within 
the coming week. 

Despite this further review, however, we are assured that these studies will 
show that a comparison of two projections made by the AEC—one released in 
April 1959 and the other received in December 1959—reflect substantial reduc- 
tions for scheduled uranium concentrate receipts from the domestic industry, 
and even more substantial increases in anticipated total receipts from the 
Canadian industry. 

The interest of your committee in the facts contained in the Uranium Insti- 
tute testimony rendered before your recent “202 hearings” is greatly appreciated. 

Most respectfully, 


GorRDON A. WELLER. 


URANIUM INSTITUTE OF AMERICA, 


Grand Junction, Colo., March 8, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
U.S. Congress, Washington, D.C. 


DrAR SENATOR ANDERSON: In further response to your letter of February 24, 
1960, we respectfully submit two copies of Uranium Institute studies amend- 
ing and supplementing our testimony of February 19, 1960. 

We appreciate the interest that you and the other members of the Joint Com- 
mittee have taken in the various matters dealt with in our testimony, and we 
wish to assure you of our desire to fulfill any further requests that might stem 
from your further studies of the raw materials program of the AEC. 

Most respectfully, 


Gorpon A. WELLER. 


SUPPLEMENTARY STUDIES AND COMMENTS BY GORDON A. WELLER, EXECUTIVE VICE 
PRESIDENT, URANIUM INSTITUTE OF AMERICA 


Amending and extending testimony before the Joint Committee on Atomic Energy, 
U.S. Congress, hearings on development, growth, and state of the atomic 
energy industry 

Marcu 8, 1960. 

1. On February 19, 1960, the Uranium Institute of America rendered testimony 
before the Joint Committee on Atomic Energy on the state of development of 
the uranium industry. In this testimony, we compared projections which had 
been prepared by the Atomic Energy Commission on two different occasions 
during the past calendar year. The first projection was prepared and released 
in April of 1959, and the second projection was prepared in Octobr 1959, and 
secured for purposes of study in December of 1959. We testified that a com- 
parison of these two projections indicated a decrease in the expected deliveries 
from the domestic industry of 1,000 tons of U,O, and an increase of expected 
deliveries from the uranium industry in Canada amounting to 2,720 tons. On 
preety 24, 1960, Chairman Anderson asked for UIA studies supporting these 

gures., 

2. On February 23, 1960, following the testimony before the Joint Committee 
on Atomic Energy, a conference was held with officials with the Atomic Energy 
Commission for the purpose of reconciling the Uranium Institute interpreta- 
tion with the views of those of the Atomic Energy Commission. On February 
24, 1960, we received a copy of the letter of explanation from AEC General 
Manager Luedecke addressed to Chairman Anderson, providing further illumina- 
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tion to the reasons behind the difference in the two projections. Since returning 
to the West, we have also been in contact with the Grand Junction Operations 
Office of the AEC for the purpose of further exploring the basis of the two 
projections. 

3. The projections and information sources involved in this discussion and in 
the testimony of the institute before the Joint Committee are included in the 
appendix of this report as follows: 

Exhibit A: Bar graph entitled “Uranium Deliveries and Commitments,” re- 
leased as a part of the address of the Director of Raw Materials, AEC, on April 
17, 1959. Chart shows actual uranium deliveries for fiscal years 1956-58, and 
commitment for deliveries for fiscal years 1959-first half of 1967. Bar graphs 
are segmented to show amounts committed to domestic industry, to Canadian 
industry and to oversea sources. 

Exhibit B: “Schedule of Estimated Deliveries and Cost of U;,O; Concentrates 
by Source and Fiscal Year for Period July 1, 1959, Through December 31, 1966.” 
This tabulation was received from the Raw Materials Division on December 
3, 1959. 

Exhibit C: “Schedule of Canadian Contract Amendments Executed in Early 
1959 and Computations of Canadian Uranium Procurement Increase Since 
November 24, 1958.” 

Exhibit D: Copy of letter from AEC General Manager A. R. Luedecke to 
Senator Clinton P. Anderson, chairman, Joint Committee on Atomic Energy, 
dated February 19, 1960, and released to Uranium Institute on February 24, 1960, 


SUMMARY OF FINDINGS 


4. Asa result of these conferences and further studies, the Uranium Institute 
submits the following: 

(a) The reduction in estimated deliveries expected from the domestic indus- 
try as projected on exhibit B is 600 tons, compared with that projected on 
exhibit A, rather than the 1,000-ton differential submitted in our testimony. 

(b )While we initially submitted that the increase for Canada was 2,720 
tons, we now acknowledge that the increase of the projection of exhibit B as 
compared with the projection of exhibit A for the Canadian industry is more 
properly 1,726 tons increase. 

(c) We further submit that the increase referred to in paragraph b above 
represents a cost to the U.S. Government of $38 million. Four contracts to 
procure additional amounts of U:O; negotiated early in 1959 by the Commission 
with the Canadians (see exhibit C) amounts to $71 million, making a total of 
$109 million of increased commitments the AEC has made with Canada since 
the November 24, 1958, announcement placed severe restriction on the develop 
ment of the domestic industry. 

(qd) We further submit that if the Commission permitted all mills now 
authorized and under contract to operate at capacity through 1966 without 
imposition of the presently drawn arbitrary and restrictive definitions as to 
eligible ore reserves, the increased cost to the American Government over the 
present program as projected on exhibit B would be in the amount of $108 
million—$1 million less than the increases which have been authorized for 
Canada: since the imposition of the November 24, 1958, announcement. 


SUPPORTING CALCULATIONS 


Comparison of domestic industry projections: 


Exhibit A Exhibit B 


| “ae: (+) 
Fiscal year projection projection | 
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The increase in projections for fiscal year 1960 between exhibit A and B was 
ignored in our calculations for the testimony because it was assumed that this 
increase was a result of contract increases in Wyoming and Colorado front 
range which were not reflected in the April 1959 projection. We now find that 
this increase was included in the April 1959 projection, and therefore should 
be applied against the 1,000-ton decrease for fiscal years 1961, 1962, and 1963. 
6. Projections for Canada: 


Exhibit A Exhibit B Increase (+) 
Fiscal year projection projection or 

de ‘rease (—) 

Tons Tons Tons 
1960 eeK Soa 13, 870 13, 150 —720 
UIDs isn choco cies eae piso lak eet te modi ca rh ela ea Gah eae lenis 13, 500 11, 400 —2, 100 
1962... Seal 11, 400 10, 000 —1, 400 
1963__. s bs 2, 000 3, 870 +1, 870 
Beetacce bingegis chu cadena bkuneneiesl cota aduaasmeed eds 4 2, 000 +2, 000 
1965_._- bs Seni « dhbidavnd Sohbet bee. eet 2, 300 +2, 300 
NE inns xe ina a ea tatncneramectbr i acit oe 40, 770 42, 720 +1, 950 


It was also noted by General Luedecke in his letter of February 19, 1960, that 
the deliveries from Canada in fiscal year 1959 fell short of their expectations: 
Our files reflect the following data: 


Tons 
momen GeliVoniiii. 2k es a os See 13, 730 
GUD | ONE VOU UOG sis sisi ie erirkncc caine ee 13, 506 
SOR CERI OE COV ii es ee 224 


Difference of 1,950 tons, as noted above, less shortfall for 1959, 224 tons equals 
net increase for Canada between the two projections, 1,726 tons. Whatever be 
the explanation, and taking into account the shortfall on delivery of uranium 
concentrates in fiscal year 1959 from Canada, we submit on the basis of the most 
accurate information that can be secured from the AEC that the exhibit B 
projections have increased the Canadian “take” in the aggregate of 1,726 tons 
over the projections of April 1959, exhibit A. 


BASIC CONSIDERATIONS IN STUDY OF CONCENTRATE PRODUCTION 


7. Short-term fluctuations in actual total production of uranium concentrate 
as compared with projection schedules may be due to one of three factors: 

(a) Older domestic mill contracts placed greater emphasis on tonnage of ore 
throughput than in pounds of concentrate produced. Fluctuations could there 
fore be due to variations in grade of ore feed and rate of recovery of uranium 
from ore. 

(b) Operating difficulties have occasionally prevented mills from meeting pro- 
duction targets for a stipulated period. 

(c) In earlier periods of industry operation, AEC frequently gave permission 
to mills to overrun their contracts in order to secure additional quantities of 
uranium. 

8. Long-term trends in uranium concentrate production are the result of two 
opposing forces: 

(a) New mill capacity being contracted for, resulting in construction and 
early period of operation shakedown tests, and finally coming up to full opera- 
tion, thereby increasing total capacity of the industry. 

(b) Depletion of tributary reserves resulting in lower grades of feed and re- 
duced quantity of throughput. 

9. We are advised that the April 1959 projections included all contract in- 
creases for the State of Wyoming, and Colorado front range, as contained in 
the April 2, 1958, report of the AEC on the “Domestic Mining and Milling 
Problems Resulting From Limitation on Additional Milling Capacity.” 
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10. In regard to the 1,000 tons aggregate reduction for fiscal year 1961, 1962, 
and 1963, we note the following explanation in General Luedecke’s letter of 
February 19, 1960: 

“All tabulations and total figures which we have issued either to the Joint 
Committee or to the public with regard to domestic procurement have been based 
on the summation of quantities covered by firm contracts plus our estimate of 
the quantities which we are planning to purchase under the program announced 
November 24, 1958. We have not as yet fully assessed the reserves at November 
24, 1958, nor entered into contracts for the purchase of uranium derived from 
some of these reserves.” 

Attention must be called to the fact that the November 24, 1958, announce- 
ment concerned the markets for uranium after March 31, 1962. Accordingly, 
all of fiscal year 1961 and three-quarters of fiscal year 1962 should not be 
affected by the change of administrative procedure resulting from the Novem- 
her 24, 1958, announcement. 

11. General Luedecke also states in his letter: 

“Further, as the committee knows, we have excess uranium scheduled for 
delivery over the next 3 years, and are negotiating stretchouts with domestic 
producers involving later delivery of the quantities deferred. Such deferrals 
do not affect the quantity of uranium the Commission is firmly obligated to 
purchase under these contracts.” 

We are advised that the April 1959 projection included the Anaconda stretch- 
out, reducing the operating capacity of that plant from 3,500 tons per day ona 
7-day-week basis to 3,000 tons per day on a 6-day-week basis. No other stretch- 
outs have thus far been announced. 

12. A comparison of the two projections for fiscal years 1960 through first 
half of 1967 is as follows: 











| Exhibit A Exhibit B_ | Increase (+) 
Fiscal year | projection projection or 
decrease (—) 
Tons Tons Tons 
1960 mined = ie 17, 300 17, 700 +400 
I el ae lee est cs re a itis a cm kaceel 18, 500 18, 100 —40U 
UND ts Slavs chcnnlacnececcehls Walniss atelethatataninnnds wielded becaaeaie ae 18, 200 17, 800 —400 
ala ia aa a is aia es Sd dai Sehieraa aaa teria 18, 000 17, 800 —200 
dee ae ee ae ke a ce nes a Bama anischeemannad ieee elnle 17, 500 17, 500 0 
RR Kee se tee Ba a ae ae ee he a 17, 500 17, 500 | 0 
SEs cccedks cadens hadadvcnke toch be ee dee eeeee eee eet Sree 17, 300 17, 300 0 
REE I iat iid cmc cnknnn kaGn Reehestiekaacne te Reecaee 8, 100 8, 100 0 
i eo a ee rage 132, 400 | 131, 800 | —600 
| 





It will be noted in the above comparison of the two projections that no com- 
pensating increase in the years after fiscal year 1963 were made for the 
reductions in fiscal years 1962 and 1963. 
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CONCLUSION 


13. We find that the decreases for the domestic industry in the fiscal years 1961, 
1962, and 1963 amount to plus or minus 2 percent, which may well be within the 
tolerance of normal operating fluctuations. 

14. The aggregate increase for the Canadian industry totals 4 percent over all 
fiscal years 1960 through 1965. We submit this is beyond such tolerance. 

15. We must respectfully protest any justification for an increase in Canadian 
procurement on the basis of restoration of former Canadian commitments as set 
forth in the next to last paragraph of General Luedecke’s letter : 

“Within respect to item 5 above, we should like to point out that Eldorado 
Mining & Refining, Ltd., had in the past withdrawn for its own use substantial 
tonnages of U;Os, thus reducing our obligation by that amount. With a stretchout 
in production and the existence of excess productive capacity, it was apparent 
that Eldorado need not, and probably would not, draw upon AEC deliveries for 
any future requirement. Thus the amount which Eldorado was previously ex- 
pected to take was added to the prior estimate.” 

It must be noted that the AEC increased its obligations to Canada in the 
amount of $71 million in early 1959 after a severe restriction was placed on 
the domestic industry. Any further restoration as set forth in General Lue 
decke’s analysis accordingly is fallacious. 

16. With regard to General Luedecke’s last paragraph, we, too, feel it unfortu- 
nate that the Commission is not aware of the strong feeling developing in the 
domestic industry in regard to the manner of administration of the raw materials 
program. On January 11, 1960, we contacted the Raw Materials Division and 
asked for new projections which reflected the changes since the April 1969 pro- 
jections. We were advised that no new projections had thus far been prepared 
or were available to the public. 

At the same time, we had the projection which had been secured by an 
associate in the Atomic Energy industry not affiliated with the raw materials 
interests. This person was advised that the projection was public informa- 
tion. We must submit that such indiscretion in the handling of public informa- 
tion does not inspire the confidence that would cause the type of counsel which 
General Luedecke invites. 

17. In our testimony before the Joint Committee on February 19, we made the 
following statement : 

“Mr. Chairman, I submit that this experience makes it absolutely obvious 
and mandatory that every vestige of secrecy must now be stripped from the raw 
materials program of the Atomic Energy Commission, and that the history of all 
contracts and obligations and the terms of those contracts be fully documented 
for public inspection.” 

The further study conducted since this statement was made reenforces our 
support of this statement. 

18. The raw materials program of the AEC now exceeds $600 million per 
year, yet the Raw Materials Subcommittee has not held a public hearing intended 
to review the specific problems of the uranium industry nor the manner of its 
administration by the Atomic Energy Commission. We find that three hearings 
were held in 1958, one in 1959, by the Raw Materials Subcommittee, but none 
of these hearings were open to the public, nor were industry representatives 
permitted to be present. In 1959, we protested the conduct of such executive 
hearings, and we persist in this position. By the same token, we urge that 
public hearings be scheduled that will permit a complete review of the manner 
in which the raw materials program is being conducted. 

Most respectfully, 


Gorpon A. WELLER. 
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ExHIsir B 


Schedule of estimated deliveries and cost of U;0; concentrates, by source and 
fiscal year, for period July 1, 1959 through Dec. 31, 1966 


1. ESTIMATED URANIUM DELIVERIES AND COST BY SOURCES TO UNITED STATES 


[Cost expressed in millions] 


























l l l 
| 1960 | 1961 1962 | 1963 1964 1965 1966 | Isthalf} Grand 
| 1967 total 
| } |_ | j 
| | | | 
Domestic: | 
Ns wasnt na wamieedes 17,700 | 18,100 | 17,800 17,800 | 17,500 | 17,500 17, 300 | 8 100 131, 800 
OG cei .-----| $311.3 | $312.3 | $304.4 | $285.5 | $280.7 | $280.7 $278 | $130.1 | $2, 183 
Price per poun: d......1 &7 | $8.63] $8.55] $8.02] $8.02] $8.02] $8.02 $8. 02 $8. 28 
Canada: | | 
Re oc ncaeatidnotceles | 13, 150 11,400 | 10,000 | 3,870 | 2,000 | 2,300 De Rasa 42, 720 
REE ict tidhs cnn stncntamaaiol | $289.9 | $249.6 | $215 | $78.3 Sit 45 | er $922.6 
Price per pound <axea} 66.08 $10.95 | $10.75 | $10.12 | $10.55 | SOR OO hi. wnccasdeonsears $10. 78 
Overseas: | | | | 
eh secmsncanadaeel 4,380 | 4,470 370 | 4,200 4, 135 2, 535 | 1, 465 435 25, 990 
Gb | $105.3 | $108.1 | $105.8 | $100.8 | $99.2 | $60.8 | $35.1] $10.4 $625. 5 
Price per pound__-_-.._| $12.02 | $12.10 | $12.10 $12 $12 | $12 $12 $12 $12. 03 
Total: | 
Tons--..-------| 35, 230 33,970 | 32,170 | 25,870 | 23,635 | 22,335 | 18,765 8, my | 200,510 
Cost... $706.5 $670.1 | $625.2 | $464.6 | $422.1 | $389.1 | $313. 1 $140. 5 $3, 731.1 
Price per pound _| $10.03 | $9.86 | $3.72 $8.98 | $8.93 | $8.71 $8. 34 $8. 23 $9. 30 
| | i | 





2. LENGTH OF CONTRACTS 


Domestic.—Program expires on December 31, 1966. Forecast of estimated de- 
liveries is based on quantities presently under contract together with the mini- 
mum quantities expected to be purchased under the domestic program an- 
nounced November 24, 1958. 

Canada.—Present contract expires March 31, 1963, with option to extend period 
of deliveries to December 31, 1966. Forecast of delivery rates based on estimated 
minimum deferral 

Overseas.—Belgian Congo contract expires December 31, 1960. Portugal de- 
liveries should be completed by December 1961. Australia: Rum Jungle con- 
tract expires January 7, 1963; Radium Hill contract expires January 1, 1962. 
South African contract continues to December 31, 1966, with a declining rate of 
production beginning in fiscal year 1964 when certain of the mines will have 
completed their 10-year contracts. 


3. COSTS, BEFORE AND AFTER AMORTIZATION OF PLANTS 


Forecast of costs to the Commission are based on terms of Commission con- 
tracts and outstanding domestic commitments. Under our domestic program 
prices to be paid are based on the established price of $8 per pound after March 
31, 1962. It is contemplated at this time that purchases from foreign sources 
will be only those presently under contract. 


Source: U.S. Atomic Energy Commission, Division of Raw Materials. All information 
on this form received Dec. 3, 1959. 


ExHrsiT C 


Schedule of Canadian contract amendments executed in early 1959 





Producer Pounds P tes ee Value of 

U30s pound U;0s5 c contract 

Thousands Thousands 
Gunnar Mines, Ltd. al clay oo Oe od ee 4, 500 1 $8.75 $37, 400 
Pronto Uranium Mines s, MM OS. oe ad ; <ateweid 1, 508 8. 00 12, 064 
Algom Uranium Mines, Ltd__.___. one ibe a 2, 456 | 8. 00 19, 648 
Bicroft Uranium Mines, Ltd_. os eee aed | 260 8. 00 2, 080 

Total commitment extension_._.._.._____-.._.___.-_----| 8, 72 oe 


So a 71, 192 


1 Canadian dollars. 
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Computations of Canadian uranium procurement increase since Nov. 24, 1958 


Million 

1,726 tons (par. 6) increase over April 1959 projections at estimated price 
BE AAS ee OUI ec cnsniinsntsantipsena tapes eae lactase i neacaidapespiaitial aac: a 
Contract amendments noted in tabulation above_____-___----------~---- - 


Total increased Canadian uranium procurement since Nov. 24, 1958_- 109 


Computation of fund requirement to permit U.S. industry to operate at full 
capacity through 1966 as compared with exhibit B projection 


Nillion 

18,500 tons per year, fiscal year 1961 through Ist half 1967, 6.5 years at 
BVORRRS Fries Of SE 20... s | ok cee aee ee sae eenaaenee $1, 980 
Plus 17,700 tons for fiscal year 1960 (per exhibit B)~-.-...---.-----~--- 311 
Total fund requirement for capacity operation of U.S. industry_-. 2, 291 
Toes fd: now sechegGied (eGhiDit 8) oncciseccctin ccd ccntscdanuncee 2, 188 
Fund increase requirement over that now scheduled___---------- 108 


Note that the above figure is $1 million less than increases which have to be 
awarded the Canadian industry since the November 24, 1958, announcement. 

Representative Hoxirretp. I am not going to contradict what you 
have said there because you undoubtedly have the right figures, but my 
understanding of the Canadian contract procedure was that where we 
had a certain amount of this ore contracted, we were obligated to ac- 
cept it before the contracts expired in 1962-63. Now we have stretched 
this out over another few years, varying in different contract cases, 
which would have the automatic result of being beneficial to the 
Canadians in that they could continue to operate and kind of gradually 
take the blow that they would have as a complete shutoff in 1962 or 
1963, and that the result, as far as we are concerned here at home, is 
that the annual import would be cut down and therefore it would not 
affect the domestic market as much for the next couple or 3 years as if 
they had gone ahead and fulfilled their contract on the original terms. 
Is that true? 

Mr. Wetter. Yes, sir. 

Representative Hoxirretp. Then is this just a monthly variation 
which goes up, that you refer to, because if it is that is not so im- 
portant. The important thing, it would seem to me, that annually for 
the next 2 years we are going ‘to take less and in the aggregate we are 
not going to take any more than we would take in the next 2 years. 

Mr. Wetter. I am comparing projections, those made in April 1959 
with those made at the end of 1959, the total commitments which the 
Commission considers it has with both the domestic industry and 
Canada. I find in totaling all of these figures that the Commission 
has now reduced the domestic industry by 1,000 tons and it has in- 
creased the Canadian obligations or what it considers obligations by 
the amount of 2,720 tons over that which they said they had in April 
of 1959. 

Representative Horirretp. At the same time they are not taking as 
ale from the Canadians as they would have been obligated ? 

Mr. Wetter. Ona yearly basis; no. 

Chairman Anperson. Let me get into this just a moment because 
this is something I spent a little time on. Is it not true that the Cana- 
dians negotiated for some time on this and originally asked for 4 
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bonus in consideration of their turning down some of their present 
production? In other words, the first chart that they presented, as I 
recall it, was that if the Canadians dropped off a thousand tons in 
1961 and 1962 and 1963, they would get 2,000 tons restored to them 
later for each thousand tons they took off. 

That was rejected by the Atomic Energy Commission. I am not 
trying to use the exact figure, but they came up with 14% tol. The 
final adjustment was based on a 1-to-1 basis. 

Mr. Wetter. That was the announcement of the Commission at the 
time the Canadian contract adjustment was made in November. 

Chairman ANnperson. I am sure that is correct. How do you say 
that they were increased 2,720 tons over the projections made if you 
mean only that they had agreed to take deliveries at a certain rate, 
cut back those deliveries for the next few years, and agree to take them 
in subsequent years. 

Mr. Wetter. I am not talking about any change of commitments 
that would come under the stretchout concept, or of borrowing from 
one year and adding on in another. I am talking about the aggregate 


of total commitments over the entire procurement program. 
Chairman ANpERSON. Let me read it. 


At the same time, we find that anticipated obligations to the industry in 
Canada has been increased by 2,720 tons over projections made in April 1959. 
Mr. Wetter. Yes, sir. 


Chairman Anpverson. If it was on a 1-for-1 basis it was not an in- 
crease at all. 

Mr. Wetter. They announced it was a 1-for-1 basis when they made 
the announcement. But when I add up the figures I find that there is 
2,720 tons ahead for Canada, 1,000 tons less for the United States. 

Mr. Ramey. What are those total figures ? 

Mr. Weiter. I would be very happy to supply those figures for the 
record. 

Representative Hortrretp. Does your statement refer to the annual 
obligation or are you just referring to the one month of April ? 

Mr. Wetter. No. I am talking about projections for the entire 
procurement program which were made as of April 1959. 

Representative Horirrerp. I think this is a very important state- 
ment, Mr. Weller, and you want to be sure to back that up. Mr. 
McCone has assured us, or I thought he assured us—I am not trying 
to impute any bad faith to him—that the trade was an even trade. It 
was not 2,700 tons more. If it is 2,700 tons more, then he has either 
been misled or we have been misled. 

Mr. Wetter. I certainly don’t want to impugn Mr. McCone’s in- 
wegrity because I think he is a very fine individual. 

epresentative Asprnaty. Mr. Chairman, may I make this state- 
nent: Mr. Weller brought this to my attention several weeks ago, and 
he has undoubtedly been working on this computation since that time. 
Ishall welcome his statement. If I remember correctly, I told you 


that I thought Mr. McCone had made a statement that it was a trade 
of one for one. 


Mr. Wetter. That is correct. 


Representative AsprnaLt. You advised me that in your figures it 
didn’t come out quite that well for the domestic producers. 
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Mr. Wetier. This is correct. I testified before the Joint Economic 
Committee last October and referred to four contract extensions which 
the Commission did negotiate with the Canadians and which are re- 
ferred to in the annual report for 1959. The total of these contract 
extensions amounted to some 4,000 tons. But when I compare the 
totals of the projections set up in April of 1959, with projections which 
had been made at the latter part of November, I find that the differ- 
ence is 2,720 tons in the Canadians’ favor, 1,000 tons to the detriment 


of the domestic industry. 

Chairman Anperson. Let us see if Mr. Toll, the counsel for the com- 
mittee, can make some statement that will help us. 

Mr. Toru. I think Mr. Weller can help me out here. I believe this 
has nothing to do with the stretchout. It is a reflection of obligations 
that were made by the AEC to Canada prior to 1952, but the exact 
amounts were not determined until about 1959. 

Mr. Wetter. Mr. Toll, I am at a loss to try to understand how these 
figures, as we received them, are arrived at. You are in a far better 
position to observe than I. I know about the contract extensions made 
to four companies in Canada. I have been critical of those extensions. 
Then I see the result as the figures come out. I don’t know why they 
come out the way they do. 

Mr. Touv. I think, Mr. Chairman, we could get a statement from 
the AEC that could clear up what this was, but it was a separate trans- 
action from the stretchout. 

(A letter from A. R. Luedecke, General Manager, AEC, regarding 
the preceding discussion, follows :) 


U.S. ATOMIC ENERGY COMMISSION, 
February 19, 1960. 
Subject: Testimony by Gordon A. Weller at 202 hearings, February 19, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States 

DEAR SENATOR ANDERSON: We have not as yet had an opportunity to study the 
full text of Mr. Weller’s statement, but note that, among other things, he made 
the following remarks: 

“In studying the prospectus for the industry, in the years immediately ahead 
of us, we were very gratified that the Director of Raw Materials for the Atomic 
Energy Commission included a chart in a major address which he made last 
April which set forth the uranium deliveries and commitments of the Atomic 
Energy Commission raw materials procurement program for fiscal years 1956 
through the first half of 1967. 

“We were therefore quite shocked to learn in studies which the institute has 
been conducting in the past few weeks, that current projections of the Atomic 
Energy Commission reflect reduced figures for the projected years, fiscal years 
1961-62 and 1963 amounting to a total reduction of 1,000 tons of U;O; which the 
Commission now has lopped off its anticipated obligations to the domestic indus- 
try. At the same time, we find that anticipated obligations to the industry in 
Canada has been increased by 2,720 tons over projections made in April 1959.” 

With respect to the first statement that domestic receipts have been reduced 
by 1,000 tons of U;Os in fiscal years 1961-62 and 1963, and that this amount has 
been lopped off of our anticipated obligation to the domestic industry, we have 
the following comment. All tabulations and total figures which we have issued 
either to the Joint Committee or to the public with regard to domestic procure 
ment have been based on the summation of quantities covered by firm contracts, 
plus our estimate of the quantities which we are planning to purchase under the 
program announced November 24, 1958. We have not as yet fully assessed the 
reserves at November 24, 1958, nor entered into contracts for the purchase of 
uranium derived from some of these reserves. Our estimates of the Commis- 
sion’s total domestic purchases will be revised from time to time as more contracts 
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are entered into and more facts become available. We are unable to check the 
figure of 1,000 tons in the 8 fiscal years mentioned. Further, as the committee 
knows, we have excess uranium scheduled for delivery over the next 3 years and 
are negotiating stretchouts with domestic producers involving later delivery of 
the quantities deferred. Such deferrals do not affect the quantity of uranium 
the Commission is firmly obligated to purchase under these contracts. 

The second point in Mr. Weller’s statement which gives us concern is the impli- 
cation that we have increased our obligations to purchase Canadian uranium 
in the amount of 2,720 tons over projections made in April 1959. As the com- 
mittee has been advised, we have not increased Canadian purchase obligations. 
Also, we reemphasize that the Canadian stretchout involved no additional 
uranium purchases. It is unfortunate, however, that the figures Mr. Weller is 
citing could be construed to indicate that this was the case. On February 16, 
1959, we furnished the committee a tabulation in connection with a prepared 
statement indicating that our total remaining Canadian uranium commitments 
beginning fiscal year 1960 amounted to 40,770 tons of U;O;. This figure could also 
have been totaled from a tabulation appended to a talk given by the Director of 
Raw Materials in Wyoming on April 17, 1959, which was apparently Mr. Weller’s 
source. This figure excluded material on which provisional payments had been 
made but which had not yet been delivered to the AEC. It also excluded the 
quantity of material which we at that time estimated the Canadian Government 
might take for its own use from our contract quantities. It ignored intransit 
inventory. 

Our last advice to the Joint Committee on October 12, 1959, gave a figure 
of 42,720 tons—an apparent increase of 1,950 tons U;0;s. This reflected our eal- 
culation of undelivered quantities under the Canadian contracts at the beginning 
of fiscal year 1960. The two figures are reconciled as follows: 

[Tons U,0,] 
1. February estimate of commitments—fiscal year 1960 through ist half 
GaeGh PEEP 1M 6 occ wiccocens, Std la ae ee ale ne 40, 770 
2. Short fall of deliveries in fiscal year 1959_..........._______________ 225 
3. Inventory at Port Hope, Ontario, refinery for refining and delivery 
to AEC as UO; (at end fiscal year 1959). Payments for U;:0s in con- 


centrate are made when received at Port Hope____________________ 765 

4. Concentrates in transit to the U.S. (at end fiscal year 1959) __________ 485 
5. Restore estimated future Canadian withdrawals____._______________ 475 
SER. calanoid od Se es 3 ee ae 42, 720 


With respect to item 5 above, we should like to point out that Eldorado Min- 
ing & Refining Ltd., had in the past withdrawn for its own use substantial ton- 
nages of U;Qs, thus reducing our obligations by that amount. With a stretchout 
in production and the existence of excess productive capacity, it was apparent 
that Eldorado need not, and probably would not, draw upon AEC deliveries for 
any future requirement. Thus the amount which Eldorado was previously ex- 
pected to take was added to the prior estimate. 

We can understand how Mr. Weller might have interpreted the change in 
estimate as an increase in obligations, and feel it unfortunate that we were not 
aware he had reached the conclusion presented to the committee. We have 
been in touch with Mr. Weller in an attempt to obtain the basis for the figures 
given the committee. However, Mr. Weller states that the necessary figures 
are not immediately available to him, but that he will discuss them with us 
hext week. 

Sincerely yours, 
A. R. LUEDECKE, General Manager. 

Chairman Anprerson. I am very glad to have that statement, because 
I have had one statement from the AEC. But I would be glad to 
have another. That first statement from the AEC was that as a result 
of the stretchout, there was no increase in the amount coming from 
Canada. 

If Mr. Weller can prove that it is 2,720 tons more, then we are go- 
ing to have a very interesting session. 
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Representative Hosmer. Where do you get these figures that you 
total up, Mr. Weller? That is, the April and November figures. 

Mr. Wetter. I got these from a person who got them directly from 
the Director of Raw Materials. 

Representative Hosmer. Then they are AEC figures? 

Mr. Wetter. Yes, sir. 

Chairman ANpErson. We will ask the AEC for a comment on that 
because this is an important statement. I think it will end up where 
Mr. Toll has suggested, namely, that there was an early commitment to 
the Canadians, the extent of which was not definitely determined until 
we got into the negotiations over the stretchout. At that time there 
was a solution to an earlier commitment that had no connection what- 
ever with the stretchout. 

Mr. Wetter. I should like to clarify one point that might partially 
answer Mr. Ramey’s question. 

With regard to the domestic industry, the reductions were 400 tons 
for fiscal year 1961, 400 tons for fiscal year 1962, and 200 tons for fiscal 
year 1963. 

Mr. Ramey. And there were no corresponding increases for 1964, 
1965, 1966 ? 

Mr. Wetier. No, sir; there were not on this projection. 

Chairman Anperson. All right, we will inquire. 

Mr. Weuier. As you know, the Uranium Institute, through testi- 
mony in these hearings for the past 3 years, has urged the establish- 
ment of an Atomic Industry Evaluation Council which could assemble 
experts of Government and industry from both the utilization and 
supply segments that could periodically evaluate and accurately report 
the significant information which would be of great assistance to the 
industry in plotting its future. We respectfully submit that the justi- 
fication for such a council is more apparent today than ever before, 
and we again strongly urge the establishment of such a group. 

Mr. Chairman, on this point we have argued this point many times 
with Commission officials and they have referred in the past to the 
fact that there existed a Raw Materials Advisory Committee in the 
Commission. We challenged this statement by asking, when and on 
what dates did this committee meet and when did they really consider 
these problems. 

We find that the Raw Materials Advisory Committee had not met 
for 2 years prior to the time this question was asked. That question 
was asked April 11, 1958. Shortly thereafter the Raw Materials 
Advisory Committee was dissolved. There is no group at the present 
time, that is qualified at an official level, that pierces the administra- 
tive curtain of the Atomic Energy Commission that is able to review the 
program from an objective viewpoint. 

We should like to suggest some of the informational aids that are 
immediately apparent, which such an organization could assemble and 
disseminate to the industry. First, it would be highly desirable to 
analyze the quantities of uranium which are currently being consumed 
by the various uses for uranium exclusive of atomic warheads. These 
uses should include uranium consumed in power reactors, research re- 
actors, heat reactors, radioisotope production, military reactors, and 
chemical and research uses. Second, current information should be 
maintained with regard to spent nuclear fuels which are being sent to 
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hot storage and to reprocessing plants and the resultant production of 

radioisotopes and fissionable material from such operations. Third, 
a continuing analysis should be maintained for the total megaw att 
capacity of various types of nuclear powerplants, and of the ratio 
of consumption of uranium in its various forms to the kilowatt-hours 
produced, classified against such plant types. 

Mr. Ramey. I think figures on the first item are released, are they 
not, on uranium for civilian uses ? 

Mr. Wetter. I have never seen such projections. I know some very 
qualified groups that have sought to get a percentage of uranium con- 
sumed for peaceful uses or military versus monmilitary uses, and they 
have been unable to secure these. I did notice in this morning’s Chi- 
cago Sun a figure that 95 percent of uranium was going to military uses, 
but I do not know how qualified that statement was. 

Representative Horirreip. If you had the total tonnage figure and 
you had the total civilian use, would it not be very easy for other 
countries to subtract the total civilian use from the total amount 
and arrive at the amount used for military use ? 

Mr. Wetter. I would like to ask what difference that makes. Our 
procurement so far exceeds all other countries that it doesn’t seem to 
me to make much difference whether we have material for X number 
of warheads or X-plus-10-percent number of warheads. 

Representative Horirretp. Of course, we are not talking about pro- 
curement from other countries. We are talking about procurement 
versus production in the Soviet Union, which is a completely differ- 
entcomparison. In other words, we do not know what the production 
isthere, but if they can arrive at exactly the amount of production that 
is going into military warheads here, I would assume that it would 
be interesting to them. There certainly would be no corresponding 
information obtained from them. 

Mr. Wetter. Mr. Holifield, we have the list of all civilian and mili- 
tary reactors. We know their power ratings. We can make calcula- 
tions as to the approximate uranium consumption from these. Any- 
one that wants to figure this from the standpoint of supplying infor- 
mation to a hostile nation can make a fairly good estimate. 

Representative Hosmer. If you can make a fairly good estimate, 
that is suitable for your purpose; is it not ? 

Your do not have to know it down to the last pound and ounce. 

Mr. Wetter. Again I just ask the question, Why should we not 
know ? 

Representative Hosmer. There are a lot of things that the Govern- 
ment could run around and collect and put out by way of useless bits 
of information; but why should it? Why should it take the taxpay- 
er’s money to do it? It would have to establish a bureaucracy to do it. 

Mr. Wetrrr. The Bureau of Mines provides reports on consumption 
of other minerals which is extremely helpful to industry management. 
No Government agency does this for uranium. 

Chairman Anperson. There is a little difference between the use of 
copper, lead, zinc, coal, and so forth, and the situation in uranium. 
It is, after all, a mineral that has only one purchaser at the present 
time, and these things are watched pretty carefully. Some time ago 
we had the problem ‘that someone wanted to know exactly how muc ch 
had been put into the peaceful uses of atomic energy. T have never 
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been able to get that figure jarred loose. The main reason is that if 
you knew ex xactly how “much had been put in the peaceful uses and 
knew what the total appropriations had been, which we do know, 
you could automatically extrapolate and say so much is going into 
wartime uses and then you might be able to construct some “figures on 
the stockpile of bombs, figures which thus far are pretty “heavily 
classified. 

I would like to have a lot of other information. As Mr. Hosmer 
pointed out, it may not serve any useful purpose. So I am perfectly 
satisfied to let it stay as it is without any publication of the amouat 
put in peaceful uses. I think the same thing may apply to this. I 
don’t know why they don’t want to give it out. Somebody must have 
thought of a pretty good reason. All we can do is sort of suggest to 
them that maybe they can give this out someday, and maybe they will 
decide that there is a reason for giving it out. 

Mr. We.uer. Mr. Chairman, in the context of all of this discussion, 
I should like to again read Chairman McCone’s statement made in 
his testimony before this hearing on fuel supply, paragraph 192: 

The Commission receipts of uranium concentrates from all sources under 
its various domestic and foreign arrangements as projected over the next 3 
years exceeds the Nation’s estimated requirements to meet its weapons and 
power programs. The Commission has continued its efforts to bring supplies 
closer to balance with requirements by arranging for deferred delivery of do- 
mestic and Canadian concentrates. 

We have established here that the industry is unable to gather 
any accurate understanding of what its demands are. It seems to 
us under such a circumstance the industry should hardly be the one 
to bear the brunt of changes of requirements which it does not under- 
stand. 

Representative Hosmer. Wasn't this industry formed with the 
ground rules pretty well established as to who was going to buy 
and the known situation was fairly arbitrary. That is one of the 
things you people accepted when you got into this. 

Mr. Wetter. We have this chart, ~Mr. Hosmer, which says, “Ura- 
nium Deliveries and Commitments.” It was delivered to the indus- 
try by a formal address by an official of the Atomic Energy 
Commission in April 1959. 

Representative Hosmer. My point was this: In addition to the other 
risks that an entrepreneur takes in the ordinary business, in the 
uranium business you assume additional risks, and accent additional 
conditions that are unique because of the nature of the beast, and of 
the nature of the market. 

Your people know that when they go into this business. They 
accept these things. They don’t have to go into the business. They 
have a choice. They could go into something else. Yet they have 
come into it. I think although they can complain to improve condi- 
tions, they cannot be too unhappy if changes are not made, because 
they did actually accept these conditions when they started in this 
business. 

Is that a fair statement or is it radically unfair? 

Mr. Wetter. Mr. Hosmer, I can refer you to many statements and 
I would be glad to include them in the record. I have put them in 
past testimony, of expressions of the U.S. Government as to how 
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critical it was to secure uranium and of the tremendous number and 
variety of inducements which the Government set up to encourage 
miners to get into the business of producing uranium. These induce- 
ments were widespead. There were some companies that came into 
the business and did some exploration work and made a study of what 
the Government assurances were and they decided “this doesn’t look 
too good to us and we are going to withdraw for the time being.” 

There were other companies that chose to follow quite a different 
course. But those companies followed that course because they felt 
that the assurances were there. They had no means of knowing 
otherwise. 

Representative Hosmer. You distinguish the uranium rush in the 
1940's and 1950's from the gold rush of the earlier times and the 
attitude of the people engaged therein ? 

Mr. Wetter. I think ‘thi at the conditions under which the uranium 
market was established by the United States were unprec edented. It 
was a tremendously important matter to the security of the United 
States that we establish these reserves. I think that the U.S. Govern- 
ment set up incentives and the industry reacted. 

ream Hosmer. I think we could argue this matter for a 
long time. I do want to say, Mr. Weller, you are doing a very fine 
job ‘for your people. I think they should be proud of you. 

Mr. Weiter. Thank you, sir. 

Representative Hortrreip. This is very thoughtful and complete 
statement you are making, Mr. bg eller. I confess that you have ex- 
cited my curiosity in some areas. I respectfully request, Mr. Chair- 
man, that the staff look at this statement and explore some of the 
problems that have been brought to our attention. 


Chairman ANpERsoN. We will do that. 

Mr. Wetuier. To continue, regular assessments should be made of 
the progress in the development of various breeder reactor concepts, 
and as these reactors approach economic feasibility, evaluation of 
their application in the economy, and the revised ratios of uranium 


| consumed to kilowatt-hours produced, incorporated in any projections 


for estimated future demands for uranium. 
We submit, Mr. Chairman, that through such a program the general 


understanding of the developments in atomic energy could be properly 
evaluated by “the industry, and a genuine “confidence in the future 


market for uranium” could be developed in its proper proportion. 


URANIUM RESERVES AND CONSERVATION NEEDS 


In past years, uranium ore reserves have made substantial gains, 
increasing as much as 300 percent in 1 year’s time. The July 1, 1959, 
AEC report indicated 88.9 million tons of uranium ore containing 
| 1.28 percent U,Os had been refined in the United States. At year end, 


AEC estimates our 


| For the first time in the history of the uranium industry, these figures 
suggest that our ore reserve gains were more than offset by our ore 
production—in the past 6 months our production was 3.5 million tons, 
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our new discoveries were 600,000 tons, resulting in a net loss of 2.9 
million tons in the reserves remaining in the ground. 

This condition again reflects a serious dampening of the enthusiasm 
which has been so characteristic of the industry’s early operations and | ex] 
which resulted in such a tremendous growth of reserves here in the | cer 
United States. I assure you our uranium reserve potentialities are | wil 
greater than ever before—it is only the hunting spirit that is lacking, | bee 

There is another aspect which influenced our present ore reserve | ha\ 
figures. The Atomic Energy Commission makes its ore estimates on | ind 


the basis of ore reserves which can be economically produced for any | ove 
given district. The more costly a ton of ore is to produce, the higher | dus 


grade must be its uranium content to justify a classification as ore, | mu 


Inflationary pressures on the domestic industry has therefore neces- pro 
sitated the raising of the average grade of ore reserves which qualify | I 
for recognition in the Atomic Energy Commission studies. At the | to ¢ 
time our present program was conceived, it was anticipated that | the 


0.10 percent ore would be commercial in most districts of the industry, | that 
Today it is an unusual producer that can market uranium ore much | Fed 


under 0.20 percent grade unless he is an operator of his own mill. ; lem 
Under these market conditions, thousands of tons of uranium ore It 


which is now considered to be submarginal, but which often would lic ] 
assay 0.15 percent U,O, or better is lost on the mine dump or left | the 
on the stope walls of a caved mine. ' lem: 

We note on page 5 of part IV of the Atomic Energy Commission’s | ¢ons 


| 
new program entitled “Civilian Power Reactor Program” that para- | thro 
graph 11-b contains the following words : | mee! 
: . * ¢ : : ¢ 
* * * the ultimate importance of conservation of nuclear fuels indicates a long a 
range program to develop the breeding potential inherent in both uranium 238— - 
plutonium and the thorium-uranium 235 fuel cycle. Font 
The words “ultimate importance” in the above statement concerns | “"! 
et ee . . > ' SnHe, 
our sensitivities. There are many experts in the atomic energy field | in 
who considered that uranium reserves, as presented by the Atomic} * = 
Energy Commission are finite figures. These observers refer to the} “ I 


possibility of having ultimately to resort to the use of low-grade | 
uraniferous shales which could be produced at a cost of $30 to $50) 
per ton of U;Os. 

It is, therefore, important to emphasize, Mr. Chairman, the changes 
that could be reflected in our domestic reserves in the conditions which} py, 
the enjoyed by the Canadian industry were extended to the uranium} dia; 
miners of the United States. At a price of $11.02 per pound of U,0;} ,(1) 
now being paid on an average in the Canadian industry, the average | = 
grade of commercial ore in the United States could be dropped from } eratio 
its present 0.28 to below 0.20, and we submit that the tonnage of) (3) 
such reserves could be increased greatly. of liqn 

It is, therefore, perhaps time for us to review the present pric on 
schedules of the domestic industry, and to consider the violation of} missi« 
good conservation concepts which are now being necessitated in the} adeqn: 
mine operations as we know them today. We may well regret, a few Pe t 
decades from now, the shortsightedness of our present program that} ;."°S! 


ao a . for m 
prevented the mining of 0.15 to 0.20 percent grade ore in many } Diue;, 


our underground operations. for co 
- quate » 


ofa m 


i 
j 
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29 | RADIATION—FACT OR PHANTOM 


sm It would be difficult to assess the deleterious effect which has been 
nd | experienced by the uranium industry because of the widespread con- 
the | cern now being generated over the low-level radiation associated 
are | with the production of uranium, There are few new facts which have 
ng, | been developed in the industry in recent years beyond those which we 
rve | have known all through the course of the entire development of the 
.on | industry. Yet, because of an apparent competition for jurisdiction 
any | over the inspection and patrol powers of Federal agencies, the in- 
her | dustry has been the topic of widespread newspaper notice and com- 
ore, | munities in the West have become unjustifiably concerned in this 
ees. | problem. 
lity It is most important that we emphasize that the industry wishes 
the | to cooperate with every constructive program intended to “promote 
that | the health of its employees and to safeguard the healthy environment 
stry. | that typifies every western community. We do, however, protest 
yuch | Federal agencies and newspaper Ww riters sensationalizing this prob- 
: > lem beyond all proper proportion. 
L ore It is interesting to note at a recent meeting sponsored by the Pub- 
ould | lic Health Service and the departments of public | health of several of 
- Jeft | the Western States at Phoenix, Ariz., at which river pollution prob- 
' lems stemming from the uranium industry’s operations were to be 
jon’s | considered, no uranium companies were invited until it was learned 
para- | through one of the State agencies by a uranium company that the 
meeting was being held. As a result, thereof, two of the four com- 
panies with operations in the State were invited to attend the meeting. 
Mr. Chairman, I cannot testify before this committee as an expert 
on the problems of radiation in the uranium industry. A very inter- 
cada | esting article dealing with the radiation problems as well as other 
> field | aspects of the uranium industry appears in the current Issue of the 
‘; wat, | American Mining Congress Journal, and I should like to submit a 
tome - .. 


| 

' 

: 

a long | 
238— | 





to the} “PY of this article by Mr. Mastrovich for the record. 

grade | (The material referred to follows:) 

to $50 | [Reprinted from American Mining Congress Journal, February 1960] 
ranges RADIATION DEVELOPMENTS 

Ae - A 


which During 1959, the uranium industry took increasing measures to guard against 
‘anium | radiation hazards from three general sources: 


f U.0; (1) Excessive concentrations of radon and its daughter products in the air 
on) OL Uranium mines. 


rerace | > ° eas ® ° . ene 
verage | (2) Control of excessive quantities of airborne uranium dust in milling op- 





d from} erations, and, 
age of (3) Regulation of the level of radium and other contaminants in the discharg 


of liquid effluents from uranium mills to river or potable water systems. 
: Many operators found it desirable to establish working relationships with 
t pric the State health oa ies, the U.S. Bureau of Mines, the Atomic Energy Com- 
tion Ol) mission, and the U Public Health Service in order to assure that they were 
| in the | adequately Sateen with regard to all regulations affecting their operations. 
t. a fe ew | In uranium mining the problem of radon ds vughter concentration in the mine 
that atmosphere received increasing interest. Simple field methods are available 
am for measuring radon daughters and for estimating ventilation requirements. 
nany | Dilution ventilation is the only control method which has been applied to date 
for controlling radon daughter concentration and the cost of providing ade- 


quate volumes of air can bea significant factor in the economics of the operation 
ofa mine. 
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In the past year, the Commission intensified its efforts to enforce compliance 
with its standards for protection from radiation. (Title 10, pt. 20, of the Federal 
Register, Jan. 27, 1957.) The Commission publicly cited 11 mill operators 
for failure to comply with these standards. Apparently most of these citations 
were made because of the slow start made by these mill operators in estab- 
lishing a radiation survey program. Also, the U.S. Public Health Service 
showed interest in radioactive mill effluents as possible sources of stream con- 
tamination and action was taken against one uranium mill operator for allegedly 
polluting an interstate river. 

In the majority of the mills, the external gamma and beta radiation levels 
are too low to be of concern as possible sources of radiation injury. The prin- 
cipal problem is that of control of the concentration of airborne uranium dust, 
Sampling of airborne uranium and the determination of the uranium concentra- 
tion in air is a relatively simple matter and easily within the capabilities of the 
laboratory facilities of the uranium mills. Control of the concentration of air- 
borne uranium can be achieved by careful housekeeping and the use of con- 
ventional dust collection equipment in those operations which generate airborne 
dust. 

Compliance with those provisions of the standards which regulate the quan- 
tities of radium that may be discharged in the liquid effluents from uranium 
mills is most difficult. The analysis of radium in mill effluents, at the acceptable 
levels, requires a procedure which is expensive and which may be subject to 
appreciable errors. Additional research on the analytical methods is needed 
before the mills can accurately estimate the quantity of radium being dis 
charged in their effluents. Corrective measures are now in their early stages 
of development, and suggest costly and involved procedures in their applica- 
tion. 

The currently enforced Standards for Protection Against Radiation (pt. 20) 
are based on recommendations made by the National Committee on Radiation 
Protection published in Handbook 52 of the National Bureau of Standards 
dated March 20, 19538. On June 5, 1959, the National Bureau of Standards issued 
Handbook 69 which supersedes Handbook 52 and contains values which reflect 
the current thinking of the NCRP. The Commission has not revised its part 
20 standards to conform with Handbook 69. 

During 1959, the Federal Radiaton Council was created. This new agency 
is directed by officials of affected Federal agencies, and is expected to coordi- 
nate the work of these agencies. In addition, the Council will aid in preparing 
States to take over a part of the burden in regulating and controlling radiation 
hazards. 

It is interesting to note that in hearings held to consider legislation establish- 
ing the Council, Dr. Lauritson Taylor, Chief of the Atomic Radiation Physics 
Division of the National Bureau of Standards, stated that the present standards, 
recommended by NCRP are based on the absence of observable effects on the 
human body. This, he added, is a “negative approach” of the problem, but he 
submitted that there is “no other way to do it.” 

Dr. Russell H. Morgan, Chairman of the Advisory Committee on Radiation 
of the U.S. Public Health Service, stated that the maximum permissible con 
centration levels, as provided in present radiation standards, are meaningless 
and “based on something other than scientific facts.” 

The public citations experienced by the industry during 1959 are symptomatic 
of the urgency felt by the appropriate authorities to establish and maintain rigid 
control on radiation hazards in the industry. The adverse publicity caused by 
those citations was unfortunate, and perhaps unwarranted in view of the 
primitive state of our knowledge of this hazard. The years immediately ahead 
should see a closer coordination of all private and public groups to effect the 
required corrections and to reestablish a more positive impression in the eye 
of the public. 


Mr. Weuier. Mr. Chairman, the Uranium Institute is deeply obliged 
to Dr. Geno Saccomanno, pathologist at St. Mary’s Hospital at Grand 
Junction, Colo., who is a member of a group of distinguished re 
search physicians investigating the occurrence of occupational disease 
among uranium miners and employees of mills. The studies of this 
croup, which is operating under a grant of the National Cancet 
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Institute and the Memorial Aid Fund, are drawn from pathological 
experience of this hospital serving the oldest uranium district in the 
Nation. The following report is contained in the letter as impressions 
drawn by the study at the present time. 

1. There does not seem to be any specific occupational diseases as- 


sociated with this industry in the material accumulated to date. 


2. Cases of cancer of the lung or bones do not appear to be any 


more common with this occupation than in the average population, 
and that the cases with carcinoma of the lung in miners have, with 
no exception, been very heavy cigarette smokers, and the cause of the 
malady probably was due to this habit. 

Mr. Chairman, I should like, at this point, to insert the entire 
letter in the record of my testimony. 

(The letter referred to follows :) 


St. Mary’s Hospirat, 
Grand Junction, Colo., February 17, 1960. 
Mr. Gorpon A. WELLER, 
Erecutive Vice President, Uranium Institute of America, 
Grand Junction, Colo. 


DEAR GorDON : Your inquiry relative to our research program is most welcome, 
and I shall summarize it as briefly as possible. 

The U.S. Public Health Service has developed much concern about the possible 
hazards from radiation sustained by uranium miners and millworkers in your 
industry. Much of this concern, of course, is the result of the findings in certain 
mines in Europe in the early part of this century. It seemed to us that a study 
should be done in this field, and this study should be based on findings of miners 
and millworkers—if possible on live miners, and finally on deceased miners— 
autopsies. A team of research workers was selected in May 1959 and a grant 
was received from the National Cancer Institute, and the Memorial Aid Fund to 
cover the costs. The team of researchers is as follows: 

1. Geno Saccomanno, M.D., pathologist, St. Mary’s Hospital, Grand Junction, 
Colo. 
2. Richard Saunders, M.D., pathologist, St. Mary’s Hospital, Grand Junce- 
tion, Colo. 
3. Stuart Black, Ph. D., biophysicist, St. Mary’s Hospital, Grand June 
tion, Colo. 
4. Lynn James, M.D., internist, St. Mary’s Hospital, Grand Junction, Colo. 
5. Oscar Auerbach, M.D., pathologist, V.A. Hospital, East Orange, N.J. 
6. Marvin Kuschner, M.D., pathologist, Bellevue Hospital, New York City. 

The objectives of this study are as follows: 

1. To do physical examinations including X-rays, blood studies and urine 
polonium and lead studies on live miners to determine their present status, in- 
cluding, if possible, the amount of radiation sustained to the present. 

2. To do autopsies on miners and to do serial section studies of lungs and 
polonium and lead studies on tissues. 

3. To do case histories on these cases and coordinate all findings to determine 
if there is any occupational disease or hazard associated with uranium mining 
and milling. 

Impressions to date are as follows: 

1. There does not seem to be any specific occupational diseases associated with 
this industry in the material accumulated to date. 

2. Cases of cancer of the lung or bones do not appear to be any more common 
With this occupation than in the average population, and that the cases with 
carcinoma of the lung in miners have, with no exception, been very heavy ciga- 
rette smokers, and the cause of this malady probably was due to this habit. 

This study, of course, is one that will have to proceed for probably many years 
in order to accumulate a sufficient number of cases to do an adequate statistical 
study. 

Very sincerely yours, 


Str. Mary’s RESEARCH Group, 
By Geno SaccoMANNo, M.D. 
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FOREIGN URANIUM COMMITMENTS 


Mr. Wetter. Over the next several years, the uranium industry in 
the United States will be competing with other uranium-producing 
countries for world nuclear fuel markets. In doing so, our industry, 
will be competing with the sources beyond our borders from whom we 
have been buying substantial quantities of uranium. In appraisin 
our preparedness to successfully engage in such commerce, we find 
that our competing world sources are now receiving prices ranging 
from 15 to 60 percent higher than prices set by the Commission for 
uranium production in this country. This condition has forced domes- 
tic producers to take strong positions against the producers in these 
countries for whom we otherwise feel the most lends tie. Our 
competitors are being subsidized through taxes we pay. 

Mr. Chairman, in the annual report of the AEC on page 61, the 
Commission states that it “amended its contracts with Eldorado to 
procure additional amounts of U;Os, in concentrates prior to March 
31, 1962, from certain Canadian producers.” The contract amend- | 
ments involved the following amounts from the producers =| 
below : 





| | 
Producer Pounds | Price per Value of 
U;0s8 


pound U;0s contract 





Thousands | Thousands | 

Gunnar Mines, Ltd 5 nee ree Le ee ee 4, 500 | 1 $8.75 $37, 400 
POORES Wren Beene, Siti ads bc Sos de en dca cose 1, 508 8.00 | 12, 064 
Algom Uranium Mines, Ltd__...---- usignss aie euie estos 2, 456 | 8. 00 19, 48 | 
Bicroft Uranium Mines, Ltd...................... Be aes ; 260 | 8.00 2,080 § 
Total commitment extension............ pee eee Set ses! | Gee Sesiclicodeeed } 71, 192 | 





1 Canadian dollars. 


Mr. Wetter. It is interesting to note that Congress was first pub- 
licly informed of these contract amendments by testimony from the | 
Uranium Institute of America before the Joint Economic Committee | 
last October. At that time, we included the quotation from a repre: | 
sentative of the AEC which explained the Canadian contract ex- 
tensions as follows: 

I should like to emphasize that execution of the particular contracts involved 
was in the nature of a formal and detailed reflection of long-established under- 
standings between the United States Commission and Canada. For your it 
formation, most of the negotiations with respect to the pricing arrangements 
for these extensions had been completed about a year ago. 

Mr. Chairman, a formal procurement program extension was offered 
to the domestic industry clear back on May 24, 1956, and then was ser'- 
ously modified and reduced on November 24, 1958, several months be- 
fore the Commission felt a moral obligation to formalize “under: 
standings” to the Dominion of Canada, which had never been made 
public until some time after their final execution. | 

We are also concerned that the Commission found it necessary to 
negotiate its extension with Gunnar Mines, Ltd., at a price of $8.7 
Canadian (US$8.81) per pound of U,O;. Yet it can be authorita 
tively established that Gunnar’s operating costs are probably one of 
the lowest of any primary uranium producing operation in the world. 

Additional facts concerning the economics of this operation can be 
secured from the current issue (February 1960) of Engineering and 
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Mining Journal, page 110. This same source advises us that during 
1959, Rayrock Mines found it necessary to close its operations with 
two-thirds of its contract with Eldorado yet unfilled. We are advised 
that Stanleigh, Stanrock, Can-Met, and Canadian Dyno have also 
encountered difficulties and found it nec essary to make serious adjust- 
ments in their operations. This report tells us that Laredo has very 
little ore with two-thirds of its contract yet unfilled. Then we are 
advised that any Canadian mine may sell its contract to another pro- 
ducer, and the Wall Street Journal has since carried an item that Ray- 
rock Mines sold its contract to Gunnar for a reported $5 million. 

Mr. Chairman, I submit that this experience makes it absolutely 
obvious and mandatory that every vestige of secrecy must now be 
stripped from the raw materials program of the Atomic Energy Com- 
mission, and that the history of all contracts and obligations and the 
terms of those contracts be fully documented for public inspection. 
The type of commitment juggling which is suggested by these reports 
would never be permitted in the domestic industr y and they should not 
be permitted wherever the American taxpayer’s money is involved. 

(Subsequent cor respondence regarding Mr. Weller’s testimony on 
“Foreign Uranium Commitments” follows :) 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C., February 25, 1960. 
Gen. A. R. LUEDECKE, 
General Manager, 
U.S. Atomic Energy Commission, 
Washington, D.C. 


DEAR GENERAL LEUDECKE: It is requested that AEC comment on the testimony 
of Gordon A. Weller before the Joint Committee on February 19, 1959, concerning 
“Foreign Uranium Commitments,” at pages 13-14 of his statement, including the 
following: 

(a) The reasons for stamping the AEC January 15, 1959, letter and the 
February 16, 1959, testimony “Official Use Only”: and 

(b) The date the Commission stipulated a minimum of 68,000 tons of deliver- 
ies from Canada during the July 1, 1955-March 31, 1962, period, and the reasons 
for the Commission stipulating such a minimum. 

It is requested that the Commission furnish these comments to the Joint 
Committee by March 15, 1960. 

Sincerely yours, 
JAMES T. RAMEY, Evecutive Director. 


U.S. AToMic ENERGY COMMISSION, 
Washington, D.C., March 12, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, Congress of the United 
States. 

Dear Mr. RAMEY: As requested in your letter of February 25, 1960, we are 
pleased to comment on pages 13 and 14 of the statement given by Mr. Weller 
before the Joint Committee on February 19, 1960, concerning our Canadian 
procurement program. We will also make specific comment on the reasons for 
marking our letter of January 15, 1959, dealing with the above subject and our 
testimony of February 16, 1959, “Official Use Only.” In addition, we will discuss 
the establishment of the minimum figure of 68,000 tons U;0; for Canadian 
deliveries in the period July 1, 1955, to March 31, 1962. 

Mr. Weller’s statement appears critical of foreign uranium procurement, par- 
ticularly the Canadian contracts. Maintenance of the U.S. world leadership has 
been in large part due to our military strength and atomic superiority. The 
availability of foreign uranium and the willingness of the foreign countries to 
develop production on a crash basis has contributed materially to our present 
position. During the period of uranium shortage negotiations for both domestic 
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and foreign uranium were carried out under conditions of extreme urgency. 
Nevertheless, the terms of the contracts for this uranium are considered reason- 
able. We will, of course, honor the foreign contracts in the same way we do 
contracts with domestic producers. 

In 1947 when the U.S. Atomic Energy Commission was established, there was 
practically no domestic uranium production and no significant quantities of 
known ore reserves. This country was dependent almost entirely upon foreign 
uranium for its atomic weapons program. Additional uranium from any avail- 
able source was needed to meet the urgent requirements. This called for a 
worldwide uranium search. The major emphasis, however, always has been 
upon the development of an adequate domestic supply. Although at the start of 
the program domestic prospects seemed relatively poor, and our production was 
slow in developing, today the United States is the world’s leading uranium 
producer. Our foreign contracts were all negotiated during the period of 
uranium shortage. 

Mr. Weller has pointed out that the prices being paid by the Commission for 
foreign uranium production exceed those being paid for domestic production. 
An important factor in connection with the higher prices negotiated for foreign 
uranium is the lower grade of the ores. On an average, about 10 tons of South 
African ore must be mined and milled to produce 5 pounds of uranium oxide in 
concentrate. The same number of pounds of oxide is obtained by mining and 
milling 2% tons of Bancroft and Blind River ores which furnish the bulk of the 
Canadian production. Only 1 ton of average domestic ore is required to produce 
5 pounds of oxide. 

It is interesting to note, however, that it is only during the last 3 fiscal years 
that the average price paid for domestic uranium was lower than the average 
price paid for foreign uranium. The lower domestic price in these years is the 
result of new contracts and contract amendments that reflect lower costs due to 
improved metallurgical processes and increased recoveries, more efficient milling 
operations, and larger mills. The prices paid to U.S. producers for ore have 
remained unchanged, as established by Circular 5, revised, in March 1951. We 
would not, of course, be buying foreign uranium today at the higher prices if it 
were not for the fact that current deliveries are being made under contracts 
negotiated some time ago when domestic production was insufficient to meet our 
requirements. 

The statement refers also to page 61 of the AEC’s Annual Report for 1959 
concerning contracts with Eldorado Mining & Refining Limited for procurement 
of additional amounts of U;Os, in concentrates prior to March 31, 1962, from 
certain Canadian producers. With regard to these contract extensions Mr. 
Weller makes the following statement : 

“Mr. Chairman, a formal procurement program extension was offered to 
the domestic industry clear back on May 24, 1956, and then was seriously modified 
and reduced on November 24, 1958, several months before the Commisison felt a 
moral obligation to formalize ‘understandings’ to the Dominion of Canada, which 
had never been made public until sometime after their final execution.” 

The facts are these: In the spring of 1956 Canada and the United Kingdom 
approached AEC with the request for release to the United Kingdom of 5,500 tons 
of U;O; then under contract to us for delivery to the United Kingdom between 
July 1, 1958, and March 31, 1962. At that time domestic ore reserves were 
sufficient only to carry the industry for a few years at the contemplated rate of 
production, a situation leading to the Commission’s announcement of May 24 
establishing a market for uranium concentrates in the period March 31, 1962- 
December 31, 1966. In view of the domestic reserve situation the Commission 
could consider the Canadian-United Kingdom request only if it were able to be 
assured of full delivery of at least 68,000 tons of the U,O; then under contract for 
delivery prior to March 31, 1962, after giving effect to the diversion to the 
United Kingdom. The Commission believed that this quantity of Canadian 
uranium was needed to support its programs. 

In early May 1956 the Commission agreed to release from its Canadian con- 
tracts the 5,500 tons of uranium for sale by Canada to the United Kingdom, 
contingent on the understanding that Canada would be able to deliver to AEC a 
minimum of 68,000 tons in the period July 1, 1955, to March 31, 1962. Under this 
arrangement our maximum obligation was to purchase 71,000 tons U;0;. This 
excluded deliveries in the period March 31, 1962—March 31, 1963. 

Information on the Commission’s action was furnished to the Joint Committee 
in our letter of May 10,1956. Eldorado Mining & Refining Limited, the Canadian 
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Government corporation with which the Commission held contracts, was formally 
advised on May 11, 1956, of the Commission's contingent decision to release 
uranium to the United Kingdom. Its acceptance was dated May 30, 1956. 

In addition to the 5,500 tons U:0O; which the United Kingdom undertook to 
purchase prior to March 31, 1962, the AEC in April 1957 agreed to further release 
to the United Kingdom from its contracts a quantity of 5,000 tons U;:Os; to be 
delivered in the 1-year period March 31, 1962-63. Such a release was still 
contingent on the delivery of the minimum quantity of 68,000 tons. 

By midsummer of 1957 it became apparent that domestic reserves could be 
expected to continue to increase rapidly, and in August 1957 the Commission 
relieved Eldorado Mining & Refining Limited, acting for the Canadian Govern- 
ment, of its obligation to produce and deliver the minimum quantity, it being our 
desire to limit our obligations to those already covered by contracts or letters 
of intent. We were subsequently advised that Canada, prior to receipt of our 
notice of release had, pursuant to AEC’s undertaking to purchase a minimum of 
68,000 tons, made commitments to certain producers to extend contracts which 
would expire before March 31, 1962. The Canadians informed us they had done 
this since, in order to make a firm contract for the quantity desired by the United 
Kingdom, Canada had had to assure itself it would be in a position to make the 
minimum total delivery to us. The extensions of the Algom, Pronto, and Bicroft 
contracts referred to in Mr. Weller’s statement were the three contracts involved. 

The extension of the Gunnar contract was the result of an expansion program 
negotiated in late 1955 and early 1956 and was covered by a letter of intent dated 
May 18, 1956, from the Commission to the Canadian Government. We believe 
that the price of $8.75 (Canadian) to be paid for the additional Gunnar produc- 
tion is reasonable. It was based on the cost of expanding both mining and 
milling facilities as well as the cost of production, taking into consideration the 
increased cost expected from transition from open pit to underground mining. 
In the case of all four contracts the final pricing arrangement was subject to a 
certain degree to negotiation. The delay in formalizing the contract amendments 
was due in large measure to the price negotiations and to the fact that delivery of 
the additional quantity would not commence until sometime in 1961. 

The statement also criticizes some aspects of the arrangement which has been 
made with Canada involving the deferral of some of the deliveries which other- 
wise would have come to the AEC over the next 2 or 3 years, a period in which 
total receipts are in excess of requirements. The Canadian Government had 
been advised that the Commission would not be in a position to exercise its options 
to purchase additional Canadian uranium concentrates in the post-1962 period. 
By contrast, domestic producers were assured of a continuing market through 
1966. The AEC was interested in reducing its total uranium deliveries in fiscal 
years 1960, 1961, and 1962 and the stretchout arrangement announced November 
6, 1959, also offered an opportunity to lessen the impact on a friendly country 
which otherwise would result from almost complete cessation of uranium 
production on the expiration of the AEC contracts. 

A prerequiiste to such an arrangement which would permit reduction in current 
deliveries and at the same time provide for the continued operation of a segment 
of the Canadian uranium industry was consolidation of the contracts between 
Eldorado and the Commisison into a single contract involving no change in the 
total quantity to be delivered or total cost. Within the framework of this single 
contract the Canadian Government was free to allow consolidation of operations 
on any basis which would promote the foregoing objectives. We believe that the 
stretchout as agreed upon was in the interests of both the United States and the 
Canadian Governments. 

Referring to the reasons for stamping the AEC letter of January 15, 1959, and 
the February 16, 1959, testimony “Official Use Only,” we have the following 
comments. The January letter, among other things, referred to the execution of 
contracts which were proposed in accordance with our obligations. Neither the 
contracts between the Canadian Government and the producers nor the corre- 
sponding AEC—Eldorado contracts had been executed and we considered that it 
would be inappropriate for this information to be released prematurely. Fur- 
thermore, the letter contains information on other matters which we are not at 
liberty to publicly release at this time. 

The February 16 testimony included much information which we believed the 
Joint Committee should have regarding discussions in progress as well as infor- 
mation on matters which we are not free to release without the consent of the 
foreign countries concerned. It would have been undesirable and possibly 








292 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


prejudicial to our negotiations to release the information on the discussions 
which was given the Joint Committee. You will recall that an unclassified 
Statement was prepared and released by the Joint Committee, but we are not yet 
free to release other portions of the testimony. At that time the Canadian 
extensions had not been executed in Canada nor in the United States and for the 
same reasons given above this information was not included in the unclassified 
version. 
Sincerely yours, 
A. R. LUEDECKE, General Manager. 


CIVILIAN POWER REACTOR PROGRAM 


Mr. Wetter. Finally, but of great importance, we wish to present 
the views of the Uranium Institute on the report of the civilian power 
reactor program of the Atomic Energy Commission. 

First it is obvious that the presently projected program cannot be 
accomplished in time to fulfill a demand for uranium equivalent to 
that now being produced under the Government procurement pro- 
gram. It is difficult for us to understand why it should take until 
1968 to achieve atomic powerplant concepts capable of producing 
7-mill power when the Commission itself submits that several manu- 
facturers in the United States are now prepared to construct such 
plants on a fixed-price basis, with fuel guarantees, that will produce 
power at this rate. 

Secondly, we submit that the highly industrialized nations of 
Europe are not necessarily the only potential area for the establish- 
ment of pioneering atomic powerplants under our foreign assistance 
program. The deemphasis of the Euratom program should not be a 
detriment to our objectives in international atomic energy assistance 
and we should reread the very impressive and persuasive arguments 
of Dr. H. J. Bhabha, of India, and revamp our international assist- 
ance program so that it can be truly applied to the underdeveloped 
nations of the world. 

Third, we see a marked deemphasis in the long-range program 
directed toward the ultimate reduction of costs of nuclear power. 
The hope of materially increasing economic benefits and of extending 
those benefits to the lower cost fuel areas in an important objective of 
our entire program. We urge the revitalization of programs directed 
toward this objective and the establishment of definite timetables and 
targets toward which to work. 

Fourth, the potentialities of the U.S. industry and technology under 
the incentives of our free enterprise system can outrun the accom- 
plishments of any other governmental system in the world. U.S. 
leadership in the technology of nuclear power for civilian use can be 
maintained if the present shackles with regard to patent policy are 
revised. It is entirely unrealistic to expect our Nation’s industry to 
dedicate its best talent to the objectives of our atomic energy program 
when those companies cannot receive the patent benefits ‘created in 
the performance of that work. If this right is denied them, the com- 
panies will direct the channels of such talent in the areas where such 
benefits will accrue. 

If we adopt the urgency which was expressed by Chairman McCone 
before the Atomic Industrial Forum a few months ago in pressing 
for the truly commercial benefits that will accrue through atomic 
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energy, there need be no fear as to the rate of advancement that the 
U.S. industry can make in the field of atomic energy. 

Fifth, we see breeder-type reactors as an important concept which 
should be developed in the long-range program for civilian power 
reactors. We urge that far greater emphasis be placed upon research 
in fuel cycles and chemical reprocessing, and on nuclear superheat 
as goals which, when accomplished, will bring far greater immediate 
benefit to the atomic energy program. 

In conclusion, Mr. Chairman, in reviewing the problems of the 
uranium industry, we have sought to deal with those phases which are 
most directly concerned with the interests of this committee. There 
are many other phases of the industry’s operations which must also 
. given careful study if we are to maintain a healthy environment 
for the people engaged in this business. Among these problems are 
(1) policy intei pretations of the Internal Revenue Code dealing with 
tax depletion for the production of uranium concentrates; (2) polici les 
of the Bureau of Land Management concerning uranium claims on 
lands under its jurisdiction; (3) newly proposed ‘legisl: ation including 
the proposed Resources and Conservation Act of 1960 and proposals 
for the establishment of a wilderness system. Some of ms members 
have also expressed a decided interest in your bill S. 2878, Mr. Chair- 
man, dealing with the ee of Indian and non- tedhes land 
use In areas adjacent to the Navajo Indian Reservation in New 
Mexico. 

In each of these cases, it is our hope that the Uranium Institute will 
be given the proper opportunity to be heard on these questions, So 
that we may more effectively present our case and avoid burdening 
this hearing with further testimony relating to the subjects. 

We do submit that the problems relating to the operation of the 
uranium industry are manifold and that this testimony is therefore 
grossly inadequate. Our statement here has rather been intended 
to set some signposts that will suggest to you gentlemen the need for 
specially called hearings devoted to the problems of the raw materials 
program of the Atomic Energy Commission, whereby all of the facets 
of the domestic, Canadian and overseas procurement programs may 
be fully examined. 

Thank you very much. 

Chairman Anprerson. Thank you, Mr. Weller. 

We are adjourned until Tuesday afternoon at 2 o’clock. 

(Whereupon, at 12:10 p.m. Friday, February 19, 1960, the com- 


mittee was recessed, to reconvene at 2 p.m. Tuesday, February 23, 
1960.) 
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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 


TUESDAY, FEBRUARY 23, 1960 


CONGRESS OF THE UNITED STATES 
Jornt ComMITTEE oN ATOMIC ENERGY. 
Washington, D.C. 

The committee met, pursuant to recess, at 2 p.m., in room P-63, the 
Capitol, Senator Clinton P. Anderson (ce hha airman of the Joint Com- 
mittee ) presiding. 

Present : Senators Anderson, Gore, and Dworshak; Representatives 
Durham, Holifield, Price, Aspinall, Van Zandt, Hosmer, Bates, and 
Westland. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director; David R. Toll, staff counsel, and George F. 
Murphy, bX: professional staff member. 

Chairman Anperson. The committee will be in order. 

This afternoon the Joint Committee is meeting to receive testi- 
mony from witnesses from industry on the development, growth, and 
state of the atomic energy industry. 

Our first witness this afternoon is Dr. Chauncey Starr of Atomics 
International. 

We are happy to have you with us again, Dr. Starr. Will you please 
proceed ? 


STATEMENT OF DR. CHAUNCEY STARR, GENERAL MANAGER, 
ATOMICS INTERNATIONAL DIVISION, AND VICE PRESIDENT, 
NORTH AMERICAN AVIATION, INC. 


Dr. Starr. It is nice to see you all here again. 

If I may proceed with my prepared statement, all of us in the 
atomic energy field have rec ognized for many years the necessity for 
establishing long-range planning. The past deliberations of this com- 
mittee, the Atomic Energy Commission, its contractors, and many 
others, have indicated quite clearly the existence of a multiplicity of 
objectives which any realistic n: ational program must satisfy. 

At previous meetings of this committee, I have been privileged to 
comment on various of these objectives and their ramifications. 

In my remarks today, I plan to cover certain aspects which I be- 
lieve deserve additional attention and clarification because of their 
oe 

Uranium resources. 

ae of the basic considerations which has entered into long-range 
planning concerns the availability of uranium for a future ‘nuclear 
power system. The assumption has sometimes been made that our 
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uranium resources are in such short supply as to make questionable 
the future contribution of atomic power, unless all potential resources 
are fully utilized through the use of nuclear breeders. This concern 
is expressed in the fifth program objective of the AEC’s most recent 
civilian power reactor program. 

In view of the fact that at the present state of breeder reactor 
technology, such reactors have excessively high power costs, the com- 
plete acceptance of on doctrine would alter the basis of our present 
national program, by diminishing the near-term incentive for the 
development and construction of nonbreeder atomic et ints, and 
by leaving the long-term value of atomic power generally in doubt. 
It therefore is important to examine the resources situation in detail. 

Unfortunately, most of the past studies of this subject have not 
— red the influence of ore costs on nuclear reactor performance. 
This has caused some misconceptions concerning the relationship 
between uranium ore resources and the future of atomic power. 

Our organization has made a rather comprehensive study of this 
subject, and I would like to present to this committee a short summary 
of our findings. 

First, it should be recognized that there is an enormous difference 
between prove n uranium reserves and the probable resources which 
could be developed if the price of uranium ore were permitted to in- 
crease. The influence of economic incentive on developing reserves 
is of course well established by the fact that in the last decade our 
domestic uranium reserves have been increased almost 100 times under 
economic stimulus. 

A study of the uranium resources in the United States, and in the 
world, indicates that these resources would again increase by the 
hundreds to thousands if the price of uranium ore is increased, as 
illustrated by the accompanying chart (chart 1). 

We have plotted on this chart the availability of uranium in tons 
against the cost of the ore. 

As you see, our present reserves are in this lower corner. We are 
somewhere in the range of $10 or ae a pound of uranium oxide and 
we are in the area of reserves—just for the United States—of about 
a million tons. 

If the price were to go up by a factor of 10 or go up by a factor 
of 100, the reserves move up into the billions of tons. This upper 
line represents reserves which are fairly definitely pinned down. 

The lower line represents what the optimistic people in the mining 
industry think they can get. 

The middle is prob ably the realistic area. 

The general point here is that if you are willing to pay more 
for uranium, you can get in the range of hundreds to thousands of 
times the amount of ore which we now have as proven reserves. 

Chairman Anperson. I could not tell by reading this just what 
it meant. 

“Would increase by the hundreds to thousands.” Does that mean 
increase ten times or would it increase a hundred times to a thousand 
times ? 

Dr. Srarr. It would increase from a hundred times to a thousand 
times. Let me give a specific example. 
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If we were willing to pay $100 a pound for the uranium oxide, 
we could probably get close to 100 million tons of ore as reserves 
in the United States as compared with the million that we have. 
As I will mention later on, there are conditions under which we 
would be willing to raise the price of the ore if the nuclear technology 
could use it. 

Representative Horrrretp. What is the going price now? 

Dr. Srarr. The going price now is in the range of $10 a pound for 
ore or less. It is in this lower corner here. 

Representative Hotrrrerp. What. significance does this have in 
view of the fact that even at $10 a pound it is not economical to use it 
for power / 

You are not indicating by any stretch of the imagination that this 
would make atomic power any more reasonable if you went from 
S10 to $100? 

Dr. Starr. No. 

The point I am trying to make, Congressman Holifield, is that if 
the nuclear technology could permit the use of high-priced ore, the 
availability of the ore is in such great amount, as I will show later 
on, the contribution to the total power resources of the world are 


enormous. 


The basic point is whether there is enough uranium available in 
the United States or in the world to make a significant contribution 


to the overall power picture. The answer that this indicates is that if 
vou are willing to raise the price you pay for the ore, then there is 
enough. 

Chairman Annerson. If you do not pay the price, are you trying 
to say there is not enough? 

Dr. Starr. No. If I may go on, I think I will show you how much 
there is in relation to our needs. 

If one were to go, for example, into the development. of breeders, 
then you can begin to use, with very little increase on the power 
cost, fairly high-priced uranium. So that if, for example, a hundred 
vears from now we were using nuclear breeders instead of the burner- 
uppers we are using, there would still be ample uranium and we 
could afford to pay this kind of money for the ore if we had to. 

The basic point here which [ am trying to develop is that there is 
enough uranium in the world to take care of the needs of the world 
and the United States for many, many centuries to come. 

If I may go ahead, I will show you some of the data on this. 

Although world resources are somewhat more uncertain, our study 
indicates that these are about 18 times as great as the realistic U.S. 
resources at any given price. 

In order to determine what the nuclear fuel requirements are likely 
to be in the future, we have made projections which we believe have 
reasonable planning validity. 

By comparing the uranium requirements, charts 2 and 3, with the 
uranium resources as a function of ore price shown in chart 1, it be- 
comes evident that—if I may show you the charts now, this is a pro- 
jection of the kilowatt-hours of energy which are going to be esti- 
mated both for the world and for the United States, both total and 
nuclear. 
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We have been bold enough to project this for a hundred years. 
These estimates are based upon trends which have actually been 
established for the past 100 years 

I believe I supplied to the staff of the Joint Committee a more 
detailed report showing the background of these data so that this 
could be gone into in greater detail (see appendix 11, p. 660). 

Chairman Anprrson. The heavy area is what / 

Dr. Srarr. That is the world’s requirements and the light area the 
U.S. requirements. This is based upon a growth of the electrical 
energy both in the United States and the world. 

[ think for the purposes we want today, these are probably as good 
a projection as one can get. We have compiled the best thinking of 
the electrical industry and of other sources. 

Chairman Anperson. Does that show that in a hundred years, 95 
percent of energy in the United States will come from nuclear 
sources ¢ 

Dr. Srarr. In the United States it is about 80 percent, in about 

hundred years, of the electrical energy will be nuclear. We have 
to make some kind of assumption. We assume that nuclear power- 
plants are going to be successful and that on that basis, as the utility 
industry develops it will begin to use these. 

We have also converted this into what the uranium is going to be 
used for. 

I might point out that there are two things that the uranium goes 
into. One is inventory in the plants. This is quite a sizable amount. 

The other goes to taking care of the amount of energy being burned 
up each year. 

We have added these two up together and we have a curve for the 
U.S. requirements and for the world requirements. If you 
take the United States alone, you will see that these are the millions 
of tons of natural oxide which are going to be required in the year 
2050. You are talking here something of the order of magnitude of 
5 million tons, 

If you look at this curve, this is uranium required if the energy 
goes this way. Now we compare this with the first curve which I 
showed you, which had to do with the availability versus price. I 
think the key point I am trying to make now I will summarize for 
you. 

First, uranium available in the United States at present prices will 
support the projected nuclear industry beyond the year 2000. 

2. If the same considerations are applied to the world requirements 
and resources, the present prices would satisfy word needs until well 
after the year 2000. 

In other words, without raising prices, we have plenty available at 
the turn of the century. 

. The total uranium requirements of the United States’ nuclear 
elec ‘trical power industry projected until the year 2050 could be made 
available if the uranium ore price was raised to on $23 per pound, 
W _ no imports required. 

. Total world requirements up to the year 2050 could be satisfied 
ty an increase from the present $8 per pound to a price in the year 


2050 of $9.50 per pound, if potentially available world resources are 
considered. 
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It is clear if we were to import any uranium at all, there would be 
very little increase of price in uranium to the year 2050 to supply all 
the projected needs. 

Chairman Anperson. Doctor, would you help me in this. You 
have me a little confused on charts. I am trying to follow your third 
chart. 

From 10 to 100 is almost the same space on the chart as from 1 
to 10. 

Dr. Srarr. That is right, sir. 

Chairman Awnperson. I would think it would be nine times as 
much. 

Dr. Srarr. The chart is plotted in what is called a logarithmic pro- 
jection. Everything runs by a factor of 10. 

Chairman Anperson. I see that, because from 1 down to a tenth is 
the same distance as 10 to 100. 

Dr. Starr. Yes, sir. 

This is just a device for contracting the chart so that it doesn’t go 
through the roof of the building. 

Chairman Anprrson. It gives you a wholly false picture, does it 
not ¢ 

Dr. Srarr. I think one has to look at the numbers to get the feeling 
for it. 

We are down here now. To put this chart on a linear base, that is 
on a straight line scale, we would be going way, way up with the 
paper. So this is a technique that we use for presenting the material 
in a condensed form. 

I think your point is well taken, that these distances go up by a 
factor of 10 each time. 

Representative Hortrierp. It is still true the way you have it as long 
as you take into consideration that it goes from one-tenth to 1, and 
from 1 to 10 and from 10 to 100. 

Dr. Starr. Yes. 

If we take this point which is 5 million here and come back here 
to 5 million right down here, we just have to go up to about $23 a 
pound for the ore to essentially take care of us for about a century. 

Chairman Anperson. We have been having some trouble in the 
Finance Committee trying to show what has happened to our interest 
rates on the national debt. I think I know how to do it now. 

Representative Bares. In order to get a perspective of the impor- 
tance of the price structure here, I wonder if you could give us an 
idea of power cost at 15 mills. 

What impact will the prices have on that 15 mills ? 

What are we talking about ? 

Dr. Srarr. You are anticipating my testimony, but TI will be happy 
to answer. 

ee Bares. Let it go then. 

Dr. Srarr. I will answer it now. 

This $23 a pound, instead of $8 a pound which we are paving now 
roughly, would affect the cost of power in our present type of reactors 
by one-half mill a kilowatt-hour as compared with the 7 to 8 or 10 
mills a kilowatt-hour which the power actually costs now. So you 
are talking here about an effect of maybe 5 percent on the cost of 
power. 
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That is assuming that there is no technological improvement in the 
nuclear reactors themselves, and there is going to be more than a 
5-percent improvement in their performance. 

I think the real import of these numbers is that certainly for the 
next century there just is not a really serious problem as to where the 
uranium is going to come from if we were to have a growing nuclea 
power industry both in the United States and in the world. This is 
a very important point because it means that the atomic energy busi- 
ness is a worthwhile national effort. 

Representative Bares. If the fast breeder is actually developed and 
works successfully, what then would be the impact ? 

Dr. Srarr. It multiplies these resources by a huge amount. It 
means we could be taken care of for hundreds and hundreds of years. 

Representative Bates. It cuts that differential to what fraction ? 

Dr. Srarr. It depends on how well it goes. It would cut it to maybe 
a tenth of this differential. 

I have some tables later on that show some of this. If I may per- 
haps, since I have already answered that point of how much does the 
power increase go on, this half a mill of kilow: att-hour, I might go to 
the next point, which is to show you how uranium resources compare 
with conventional resources (chart 4). 

I will give you a number to compare with the numbers on this 
table. If. you were to estimate the total amount of energy that we 
need for the electrical power of the United States to the year 2050— 
that is 90 years from now—it turns out to be in these units called Q, 3% 
Q. AQ isatrillion B.t.u. It is just a convenient number. 

The total energy requirement of the United States for electrical pur- 
poses is three and a half. You compare this with the av ailability of 
oil, gas, and coal, and uranium and we have two kinds of uranium 
usage, one in the present type of reactors and then the final one in the 
breeder reactors. 

You will see that the reserves as now established—I might again 
indicate the difference between reserves and resources—reserves are 
things that are geologically proven out, resources are estimates made 
by ceologists of what might be there, if you look for it. 

If you take the reserves, the crude oil and gas make a very small 
contribution. The coal is obviously big enough. What we want is 
314 Q as compared to the 24 which is here. 

U ranium in ordinary reactors is not sufficient if there is no increase 
in price. As I pointed out, there would have to be an increase to $23 
a pound to make it sufficient. If you put it into breeders, it is amply 
sufficient and has as much value as the coal. These are the reserves. 
These are the things we already have staked out. The mining indus- 
try has these staked out. 

Tf I go to resources, which might be there if you look for it, you 
will find that oil and gas compare rather favorably with this 314 Q. 
The two together could actually take care of it. ‘The coal is again 
in ample supply. But even the uranium in present reactors is thou- 
sands of times greater in terms of what would be available than the 
requirement, the 314 Q. 


If you put. it into breeders, then you go up again by a factor of a 
hundred or so. 
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Chairman Anperson. You have to help us here a little bit on those 
figures. 

Dr. Srarr. Surely. 

Chairman Anperson. Your chart shows that there is a fifth Q in 
uranium and 24 Q in coal. 

Dr. Srarr. Yes, sir. 

Chairman ANDERSON, 125 times as much energy in coal in proved 
reserves as there is in uranium. 

Dr. Starr. That is correct. 

Chairman Anprerson. We will have an awful big argument on that, 
I think. 

Dr. Starr. These numbers have come from various official Govern- 
ment. sources as to the proven reserves. 

Chairman Anperson. Does the price factor have anything to do 
with that? 

Dr. Srarr. These are the proven reserves, but these are not neces- 
sarily the economic reserves. 

I think you have a very good point which I might clarify here, 
and that is that this 24 which is available from the proven reserves of 
coal is not all on an economic basis. 

Chairman Anperson. You have to put like things together some- 
time. If you put uranium on an economic basis, why do you put 
coal on an uneconomic basis ? 

Dr. Srarr. The proven reserves on coal are much more extensive 
than the proven reserves on uranium. These are staked out reserves 
which are actually pinned down. 

This number comes from the various geological surveys that the 
Government has put out for proven reserves. 

Representative Hotitrretp. Without regard to monetary value? 

Dr. Srarr. Yes. 

Representative Horrrrevp. In either case? 

Dr. Srarr. If you go to resources, they are only double in case of 
coal, but they go up by a huge factor in the case of uranium. 

In other words, what this indicates is about a half of the coalbeds 
have been found already, but only a minor fraction or a minor per- 
cent of the uranium beds have been found. 

I see Senator Anderson is interested in this particular point. I 
think I could probably get together the specific numbers on this and 
send these to you so you can see where they come from and on what 
basis. 

Chairman ANnperson. Very well. 

We made some sort of survey of resources at one time, and I have 
probably forgotten it, but I do not recall that we calculated that coal 
energy was 125 times the present development of uranium. 

Representative HorrFrecp. That is not in tons? 

Dr. Starr. No. These are in the form of the amount of energy you 
can get out of it by burning. 

Representative. Horrrretp. Without regard to cost? 

Dr. Srarr. Without regard to cost, but these are the proven re- 
serves. 

Many of these reserves in the case of the coal are very high-cost 
reserves. In other words, this is coal we know where it is. We may 
not want to pay to get it out. ; 
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Representative Horrrienp. Just as some of the uranium is high 
cost and some of it is low cost? 

Dr. Srarr. Yes. 

[ think the real point of this is that we have only found a very 
smal] amount of uranium which the geologists believe is there. We 
have found about half the coal the geologists believe is there. This 
is really what is responsible for this startling difference. 

We have been looking for coal for hundreds of years and we have 
been looking for uranium for about 10. 

If I may go on, then, if one considers the potential resources in- 
stead of known reserves, it is evident that even with the modest con- 
version ratios of most present power reactors, the uranium resources 
make a substantial increase in our future energy bank. 

In the event that breeder technology can be successfully developed, 
the potential contribution of our uranium resources is clearly large 
enough to take care of our energy needs for many centuries to come. 

Representative Horirrerp. This would indicate, then, that your 
research and development should be pointed pretty strongly along 
that line? 

Dr. Srarr. Yes. 

I think the basis lesson from this, if one looked for a lesson, is that 
there is enough uranium to make a major world contribution for 
quite a number of centuries, certainly as far as we can foresee now. 

Even with present reactors this is true, and certainly if you can 
improve the reactor and move in the direction of breeders, then you 
multiply this by a very substantial factor. 

I think the long-term contribution to the energy resource of the 
world is substantial. This is not something which you can overlook. 
This is a very major contribution. 

I think we have to recall, if I may digress for a moment, that we 
have been at this for about 10 years and the other energy source 
developments have been going on for hundreds of years. 

I think we are just beginning to orient our situation as to what is 
worthwhile and what is not. 

In summary, our studies indicate that for the foreseeable future 
our uranium resources are sufficiently large to support reactors which 
have been optimized for the lowest cost of power, even though they 
may not be the ultimate for the conservation of uranium. It is, of 
course, desirable that both long-term goals of economic power and 
uranium conservation be achieved, if it can be, as rapidly as our tech- 
nological developments will permit. 

The power produced by any reactor concept must be able to com- 
pete with the economics of our national utility system. Nevertheless, 
until the practical economic and operating aspects of the various 
types of atomic powerplants have been established, we must continue 
a broad spectrum reactor program. With about a century available 
for atomic power development before the resources problem hecomes 
serious, we can expect major and presently unknown technical strides 
toward its solution. 

tepresentative Horrrrerp. This is an old idea which the committee 
has followed for a long time, and I believe that at this period in the 
development we should explore many different methods toward find- 
ing the right method of obtaining energy. 
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The new method as suggested by Chairman McCone of the AEC 
apparently seeks to concentrate all research in boiling water and 
pressurized water. What you are in effect saying is that we are still 
in the stage in the industry where whe should explore these diferent 
types of reactors rather than concentrate this time on one particular 
reactor. 

Dr. Srarr. Yes. 

I think in addition to the fact that I am sure within the next 100 
vears there will be many technical developments that we don’t foresee 
now which will change the whole picture of the kind of reactors and 
how they ought to be developed, I think the other »oint is that there 
is enough uranium developed from the mining industry at a very 
reasonable price to take care of operating these reactors on a purely 
economic basis. 

You don’t have to cut off a line of development because today it 
happens to use more uranium than you would like to see used over 
thousands of years. For this reason I am recommending that the 
spectrum of reactors we develop be as broad as possible. I feel very 
strongly we are too early in the game of reactor development to know 
which lines are really going to turn out to be the best. 

Representative Hosmer. If they could do something with hydrogen, 
the whole picture changes or changes substantially. 

Dr. Srarr. I have not included the potential of hydrogen fusion 
as a form of energy. It is clear that if you had this, you would have 
another big energy source available. 

I think it is also clear from the numbers here—again you have to 
compare these millions of watts available from uranium breeders 
with the watts that the country is going to need for the next hundred 
years or so. 

It is obvious that for many centuries, even if you didn’t have fusion 
development, uranium ore would be ample to take care of the energy 
ne eds. 

Representative Hosmer. You say that we should achieve this uran- 
ium conservation objective as r apidly as our technological develop- 
ments will permit. Does that mean in your mind a crash program or 
as rapidly as it will permit in the usu: al ordinary development ? 

Dr. Srarr. No, sir; not a crash program. 

There is a normal speed for technological development which flows 
from the rate at which technical information comes out of labora- 
tories, research institutions, and the like. I am suggesting that we 
proceed with this normal speed of development. 

Representative Hosmer. In relation to resources, we have sufficient 
of them to be able to proceed at the normal rate. 

Dr. Srarr. Yes, this is the point. 

Representative Horirrerp. I would like to explore that because this 
is a new theory that we are being presented with, and that is the theory 
of a reduced tempo of development. 

You said that the normal method of procedure was to explore 
each tec hnological advance as we come to it. 

Dr. Starr. Yes. 

Representative Hortrrecp. Let us go a little bit further and ask 
how do we explore each technical advance as it occurs. Do we do 
it on a nonsubsidized basis, or is the Government supposed to pick up 
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all these loose ends in this part, as some of us thought should be done, 
at least to a reasonable extent? Or should we step back now and let 
the normal course of development of atomic energy technology pro- 
ceed at private industry expense. 

Walk on that rope a little while. 

Dr. Starr. Very well. 

Congressman, I have in the past discussed the subject, and I will 
apply these points which I have made in the past. 

First, I have been convinced for a long time that this program has 
to be supported on a national basis. There is no question in my mind 
on that for several reasons. One is magnitude; the fact that you can- 
not experiment back of a garage to carry on developments in this field. 
It takes huge organizations and large facilities to do it. 

Secondly, that the national value of doing it is sufficiently great. 

For these two reasons I have felt that there ought to be as strong 
a national support, a Government support, for the work as possible. 
Obviously the amount of effort which the Government puts into any 
one program has to be weighted with all the other demands on the 
Government. 

This is a decision certainly beyond me, as to how much of the na- 
tional wealth goes into this kind of effort. But given that amount of 
wealth going into the effort, there is a pace ‘which automatically 
follows. It is hard to change this administratively. It is a problem 
of man versus nature in terms of finding new information, making 
engineering developments. 

At that point the pace of carrying through a development for a 
specific goal, as for example uranium breeding, i is determined by how 
quickly and how well information comes out of the various groups 
working on it. Once you have that pace, there is a natural timing 
which occurs. There isa timing for the research. 

At some point the research goes into a reactor experiment. When 
that natural timing occurs, then the reactor experiment looks sufli- 
ciently interesting to go into a prototype, then the prototype should 
be supported. 

Representative Horirretp. We can control that pace or timing by 
not advancing any money to arrive at those various steps? 

Dr. Srarr. Yes, you can slow it down 

Representative Horirrep. You can slow it down or you can allow 
it to take its normal course. When I say normal now, I am comparing 
it to the advancement of the automobile or some other great manu- 
facturing projects in our history. 

We have been told for the past several years that we were in competi- 
tion with the Soviets to obtain an economic kilowatt from the stand- 
point of possible economic penetration of backward areas with cheap 
power sources. Now we are told, “Well, after all, the Soviets are not 
progressing very fast, they are having their troubles. They are 
drawing back and assuming a more leisurely place.” 

We are also told that in view of the fact that we need the money 
to put a man on the moon and other similar valuable projects, we 
cannot afford to develop this source of energy at a rapid pace. Just 
take it easy and let this thing go along at its normal course, normal 
meaning that it will be done in plenty of time. This type of ap- 
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proach to progress in the atomic energy field makes a great deal of 
difference to some of us on this committee. 

When we thought we were competing with the Soviets, we thought 
maybe it was necessary to go ahead very fast. Now we find out that 
it is not necessary and I can think of a lot of things that are maybe 
just as important to put the budgeted money into as into this project, 
which may be very valuable a hundred years from now when we need 
it, but is not necessary today. 

Dr. Srarr. Congressman Holifield, obviously those of us who are 
in the industry and who have been in it a long time are more or less 
dedicated to moving with it as rapidly as we can. 

From our point of view, I would shudder at the thought of slow- 
ing down and I would much of course like to see it speeded up as 
rapidly as possible. I was answering Congressman Hosmer’s point 
on acrash program. I don’t think that crash programs are necessary. 
But I do think support of what I would consider a natural pace that 
goes with the technical developments would certainly be justified. 

tepresentative Horirretp. We have been told that we must narrow 
down the projects in which we are interested. Obviously that means 
to boiling water and pressurized water. So some of you people who 
advocate other lines of approach seem to be left out of the picture. 

Dr. Srarr. Yes. 

Representative Hotirretp. If we follow that advice and only build 
these steps in one or two pretty well-established lines of technology, 
we are going to have to ignore some of these other lines. 

Dr. Srarr. I think that from purely basic and scientific reasons, 
it is very dangerous to have a program narrowed down very early 
in its undertaking. I would be very surprised if within the next 
decades we don’t change our sights completely as to what kind of 
reactors, for example, ought to be the reactors which are emphasized 
at some future period. 

For this reason, I feel that the program has to be as broad as the 
national budget in effect will permit. 

Representative Hortrretp. You point out the importance of the 
fast breeder. While we have some experiments going on in that area 
and one large reactor is being built in the fast breeder field, certainly 
in this line of technology there is need for constant attention to it. 

Dr. Starr. Yes. 

Representative Hoxrrrretp. I would believe that the technology 
should be advanced as called for from the scientific standpoint. 

Dr. Starr. Yes. 

May I go on, Senator Anderson ? 

Chairman Anprerson. You still have me in the arithmetic. I have 
not passed the first stage. 

Can we agree that we will use about 950 million short tons of coal 
us the present reserve? 

Dr. Starr. I can check that very quickly. 

Chairman Anpverson. If we can, then I have you up where a ton 
of uranium has only 14 times more energy than a ton of coal, and 
that is not the figure I have been using. . 

Dr. Srarr. I have 2 million tons, 

Chairman Anperson. 2 million tons? 
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Dr. Starr. It would be 2 billion. It is 950 billion short tons: the 
U.S. Geological Survey gave rise to this 24 Q. This 24 corresponds 
to 950 billion short tons. 

Chairman Anperson. That was the figure that was in the McKin- 
ney report / 

Dr. Srarr. Yes. It would be twice that which are the resources 
that probably exist in the country. The 950 billion are actually 
staked out reserves of coal. But much of this is high-cost coal. So 
the economic factor which you mention, Senator Anderson, is not 
included in this. 

Chairman Anperson. 237 billion tons are at present prices ¢ 

Dr. Starr. Yes. 

Chairman Anperson. But they regard 950 billion as economically 
recoverable ? 

Dr. Srarr. Yes. 

Representative Van Zanpr. You will not deny the increased use of 
coal, will you’ 

Dr. Starr. No. 

Representative Van Zanpr. The cost may go up from the mining 
standpoint, yet the efficiency in using coal is on the increase. 

Dr. Srarr. Yes. 

I think there is no question but that coal versus uranium has to be 
on an economic basis for a long time to come. But the principal 
point again is that uranium is available if you are willing to pay for 
it in such supply that you are making a contribution for centuries to 
come by the development of this as a power source, and I think it has 
real natural value. 

If I may go on, I would like to talk about the civilian power re- 
actor program briefly. 

In the past year the Commission has conducted a number cs evalu- 
ation studies and has recently developed a civilian power reactor 
program. The Commission is to be commended both for esihiotalichie 
this monumental task and for producing a well-rounded program. 

This is a valuable first step in what must be a continuous process of 
considering new, as well as old, approaches to atomic power and of 
continuously adjusting and initiating programs. 

In view of pressure for early accomplishment and budgetary limita- 
tion, such program planning must guard against providing major 
support for only those reactor systems which promise economically 
interesting power in the immediate future. In spite of such pressure, 
there exists a responsibility to develop the best possible atomic power 
plants which both present and future technologies can produce. 

Because of the present uncertainty in many import: int quantities 
which enter into reactor evaluation, a slight change i in assumed values 

can completely alter the validity of long- rang projections. With 
such uncertainties, we must avoid the acceptance of oversimplified 
solutions to our complex planning problems. 

In reviewing the recent civilian power reactor program of the 
AEC, there are certain general points which deserve comment. It is 
evident from the document that, in the opinion of the AEC, the light 
water reactors will soon be salable to the uituility industry on a com- 
petitive power cost basis. 
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This present status of the light water reactor concept is a demon- 
stration that a sound technical approach can be brought to a com- 
mercial position with sufficient support.. Substanti: lly less support 
could bring other concepts to the forefront. 

Over the long term, it must be recognized that every concept has 
its limitations and advantages; for example, the light water reactors 
are apt to be limited in power because of the limitation of pressure 
vessel size. 

The recent attempt to include nuclear superheat within the same 
vessels will inevitably place an even more severe limit on the total 
power which can be obtained from a single reactor. Our utility 
industry has shown a trend to larger and larger central stations. 
For this reason, even though the light water concept is in the fore- 
front now, the long-term trend may require the development of 
reactor concepts that do not have this size restriction. 

Three concepts which have no restriction on size and which show 
promise for the future are being studied by our organization. I 
might briefly review their status with this committee. 

The first is the organic cooled and moderated reactor, which is 
similar to the water type reactors except for the use of a low vapor 
pressure organic coolant instead of water. This permits operation 
of the reactor in the same temperature range as the water reactors 
but without the necessity of high-pressure vessels. 

The OMRE, organic moderated reactor experiment, at the National 
Reactor Testing Station in Idaho was the first reactor experiment 
of this type and has since been used for a variety of tests. 

Representative Van Zanpt. What is the status of the OMRE at 
Arco? 

Dr. Srarr. It is in operation now. It is being used with a second 
core loading that has a series of experimental fuel elements in it. 

Representative Van Zanpr. Was it not down for a while? 

Dr. Starr. It was down for the purpose of changing this core 
loading to add in these experimental fuel elements. 

tepresentative Van Zanpr. There was no fuel element problem. 
It was just a case of switching cores. 

Dr. Srarr. That is what the shutdown in the recent past has been. 

The Piqua, Ohio, reactor will be the first operating prototype and 
is scheduled for completion next year. This project is proceeding 
smoothly in spite of the delays associated with the recent steel 
strike. 

We are now trying to develop, with architect-engineers and the 
utility industry. proposals for a 50- to 100-megawatt version of the 
organic reac tor in response to the Commission’s recent request under 
the third round for such proposals. 

Roprecentetsy e Van Zanpr. Doctor, could we go back to the Piqua, 
Ohio, reactor? 

Dr. Srarr. Yes. 

Representative Van Zanpr. Have you any trouble getting the ap- 
proval of the surrounding community on this project ? 

Dr. Starr. No, sir. We have gone through the rituals which every- 
one in the reactor business goes through with the Advisory Committee 
2 Reactor Safeguards and the various licensing operation and the 

learings. 
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Other than the fact that these rituals have to be gone through and 
the reviews require questions answered, we have had no particular 
difficulty. There has been no complaint from the community. Asa 
matter of fact, the community has in its various pronouncements 
shown a sustaining interest in having the power plant there. 

Representative Van Zanpr. Could you translate into, say, months, 
the delay associated with the steel strike ? 

Dr. Srarr. Yes. The steel strike held up the delivery of steel for 
the major containment building for the reactor, and, the way the plant 
had been engineered, this building had to go up before the installa- 
tions could be made of other pieces of equipment. The overall effect 
was one of about 3 months or so. We schedule now that this plant 
will be completed not later than September 1, 1961. 

Represent: itive Van Zanpr. Otherwise, you are on schedule. 

Dr. Srarr. Yes. This has been the only thing that has held us up. 
Like everyone else building reactors, we are trying to catch up this 
lost time, and we may be able to do some of that. 

Representative Van Zanpt. Thank you. 

Dr. Srarr. This reactor type is also uniquely qualified for maritime 
use, and it may be of interest to the committee that it is being seriously 
considered for this purpose by the British Admiralty and by a Ger- 
man shipbuilding group. In view of the relatively limited expendi- 
tures which have been made on development of the organic reactor, 
its performance potential, compared with that of the water reactors, 
appears very good. 

Representative Van Zanpr. Doctor, the consideration the British 
Admiralty and the German shipbuilding group are giving to this type 
of reactor; does it apply to a tanker-type ship ¢ 

Dr. Srarr. Yes. In both cases it is a tanker about the magnitude 
of 60,000 deadweight tons. 

Representative Hortrretp. Am I to understand that the United 
States is not interested in this particular development, and it is only 
the British and the German ? 

Dr. Srarr. About 6 months ago we were requested by the AEC 
to undertake a study of this for the maritime application, and about 
a week or so after we undertook the study it was canceled. So, no 
work is being done in this country on it at the present time. 

Representative Hottrretp. So, this is a gap in our development 
program which is apparently going to be filled by the British and 
Germans? 

Dr. Srarr. Yes. 

Representative Hosmer. I am not too sure. Dr. DeHoffman came 
in here and tried to sell us a maritime reactor the other day, and you 
are trying to sell us one, only Mr. MecCone, I think, resisted the temp- 


tation. I wonder if these sections 202 hearings are commencing to | 


be a sale demonstration, for maritime reactors, or what ? 
Dr. Srarr. No. I thought it would be of interest to the commit- 


tee that this reactor is being used, or is being studied, by other coun- 
tries for maritime use. It was seriously enough considered by the | 


AEC to have had studies made in the past years. To reply to Mr. 
Holifield, no such study is underway now. 


Representative Hosmer. In case it does not come up later, I want | 


my position on record on this thing as being the same as last year. 
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Until somebody can show me that anybody besides the big oil com- 
panies are going to get a benefit out of maritime nuclear tankers, 
[ would not have any part in spending the taxpayers’ money on 
them. 

Representative Van Zanpr. Mr. Chairman, at this point I think the 
record should show that while the North American people did not 
get a study project, yet the AEC did award a study project to sev- 
eral other companies. 

Dr. Starr. Not, I believe, on the organic application for maritime 
tankers. 

Representative Van Zanpr. I am speaking of the gas-cooled-iype 
reactor. 

Dr. Srarr. Yes. [am sure the AEC is interested in the maritime 
applications. 

Representative Van Zanpr. And boiling water, aico. 

Dr. Starr. Yes. The AEC is obviously interested in the maritime 
application. I think in my previous testimony to this committee in 
the past years I have indicated this is probably one of the most inter- 
esting applications for atomic energy. 

Representative Vax Zanpr. Doctor, do you know what type of 
reactor Babeock & Wilcox is working on / 

Dr. Srarr. That is a pressurized water. 

Representative VAN Zanpr. Pressurized water ? 

Dr. Srarr. Yes, sir. I might point out, Congressman Hosmer, 
that I think it is probably correct that the contractors responsible for 
the major reactor programs indicate to the committee the various 
aspects of their program which are pertinent to the atomic energy 
field. Certainly, if they don’t, there would be no other nongovern- 
mental witness particularly interested in doing so. 

Representative Hosmer. Thank you, Dr. Starr. Any other time 
you have an answer to a question that has not been asked, please feel 
free to give it. 

Dr. Starr. Yes, sir. If I may go on, I would like to talk about 
the other reactor types, the development of the liquid sodium-cooled, 
graphite-moderated reactor has continued steadily, with the Hallam 
reactor for the Consumers Public Power District of Nebraska, the 
first operational prototype, scheduled for completion in October 1961. 

It should be remembered that this type of nuclear superheat 
reactor not only provides superheated steam, but also permits the 
eventual achievement of thermal efficiencies well above 40 percent, 
which is higher than most other reactor systems, even with special 
nuclear superheat sections. In addition, the development of uranium 
carbide fuel, which is now proceeding rapidly, could represent a true 
technological breakthrough in the performance of the sodium-cooled 
reactor. 

We anticipate that with this fuel the fuel-cycle costs will be less 
than 2 mills per kilowatt-hour. In addition, it is expected that the 
next engineering version of this type of plant could achieve capital 
costs sufficiently low as to make this concept extremely competitive 
with other reactor types. 

Representative Van Zanvr. Doctor, at this point, what happened 


to the proposal to build into the Hallam reactor facilities for irradi- 
ating food? 
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Dr. Srarr. This proposal was made to the Atomic Energy Com- 
mission n when the title I design was being formulated. It would have 
required some small additional expenditures in the building. At 
that time the Commission did not consider that the expenditure for 
a radiation source would be warranted. I gather that there just was 
not, in their opinion, sufficient general interest in the use of such a 
source to warrant making that provision. This could be done at a 
later date if it was so required, 

Representative Horrrietp. Dr. Starr, Mr. McCone has already 
stated to this committee that work on the sodium-cooled reactor 
should not be expanded until we get the operational experiences at 
the Hallam plant. 

You said that you believe it is timely to initiate some additional 
work on a second sodium-reactor exper iment. Do you mean a reactor 
experiment that would go beyond the present engineering of the 
Hallam plant ? 

Dr. Srarr. Yes. 

You are anticipating me a little bit in my approach here, but I 
might say that we have, under the general study program we have 
been conducting for the Commission, been developing engineering 
improvements over the Hallam plant. The Hallam plant is con- 
servatively designed and is based upon engineering technology which 
was available 3 or 4 years ago. It is going to be, I think, a very 
good plant, and its operating characteristics are going to ‘be very 
accept: able to the customer. Its cost of construction is higher in 
terms of dollars per kilowatt than what one would eventually like to 
have for a compe titive plant. 

The engineering features which have given rise to this high cost 
have been subject to a considerable amount of development. We are 
now ready to take these advanced engineering concepts and put them 
into another reactor experiment to prove out this advanced system. 

We think that with this advanced system the sodium reactor be- 
comes a very exciting one from the point of view of performance. 
We feel that, tee hnically, we are ready to move into the next step, the 
next step being a second reactor experiment. 

Representative Horirrerp. And these are advances which you can 
at this time put into the Hallam re: ctor ? 

Dr. Srarr. They are advances which cannot be put into the Hallam 
reactor because that design is frozen; it is under construction, and 
one cannot change the construction of a plant in midstream. But the 
advances make a considerable improvement in the concept of the plant 
and would represent a next step. We feel that we are ready for this 
next step now. 

The uranium carbibe fuel is an example. It has been under test 
now for some time and looks sufficiently interesting that, if we could 
have found a way of getting it fabricated in time, it would have been 
considered for the first Hallam loading, which will take place in early 
1962. Asa matter of fact, we are getting into the first Hallam load- 
ing some percentage of uranium carbide fuel. This fuel plays the 
same role in the sodium system that the uranium oxide does in the 
water system. It is a very high-burnup, high-temperature fuel. 

The small-scale experiments all look sufficiently good that if this 
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were put into a large reactor it would make the fuel cost of the large 
reactor very low. 

Representative Bares. Doctor, can you give us an average figure 
today on the fuel-cycle cost compared with the 2 mills per kilowatt- 
hour you have given us here # 

Dr. Srarr. Yes. They vary for the size of the reactor and how 
one calculates it. But they run somewhere about 4 mills a kilowatt- 
hour today. 

One of the reasons is that we are today using uranium metal fuels 
which have a temperature and burnup limitation in performance. 
They have to be taken out for reasons of self-growth of the fuel and 
changes in the fuel before you used wp enough uranium to make it 
economic. 

Representative Horirrecp. As the second cores are made in these 
reactors of very improved performance, are you referring to the 
overall average or the first core or second core ? 

Dr. Srarr. I am referring now to the use of uranium carbide fuel 
as a subsequent loading for a sodium reactor. 

For example, in the Hallam reactor the first loading will be uran- 
ium metal. The second loading will be uranium carbide. We are 
sufficiently enthused about this particular fuel if we could have gotten 
it into the first loading we would have done that. 

It is this type of development, which is proceeding rapidly, which 
makes us feel that it is timely to get a second reactor experiment 
underway. 

If I may go on, because the technology of sodium-cooled reactors is 
similar for both thermal and fast cores, the program for development 
of this technology is applicable to a variety of concepts. 

For example, our organization is conducting for the Southwest 
Atomic Energy Associates, a group of private utilities, an extensive 
study of the advanced epithermal thorium reactor which contem- 
plates the use of a thorium U** cycle in a fast neutron spectrum core, 
optimized for power economics rather than for conversion ratio. The 
critical facility for determining the nuclear constants of this uniquely 
fueled core is now under construction, and we will shortly be able to 
establish the design characteristics for this concept. This reactor is 
similar to the fast plutonium breeder, except for the fuel used. 

The AEC’s civilian power reactor program includes this type as 
part of (75f) its new concepts program. 

Because of the advances made by many groups in the develop- 

ment of components and design concepts for liquid-sodium-cooled 
reactors, we believe it is timely to initiate in fiscal year 1961 the con- 
struction of a second sodium reactor experiment, incorporating these 
new developments. 
_The first sodium-reactor experiment, which was placed into opera- 
tion in April 1957 was originally for the purpose of developing the 
engineering information for the Hallam reactor, is now planned 
as a high-temperature fuel test facility, and cannot be used to test 
radically new engineering configurations. 

As a way of avoiding pressure vessel-size limitation in water re- 
actors, it has often been suggested that pressure tubing be utilized. 
This concept is being considered by the Canadians and the Soviets. 


It appeared sufficiently interesting for reasons of safety, low main- 
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tenance, and general performance, that the Nuclear Power Group, 
NPG, a group of private utilities, originated a study which recently 
was conducted in collaboration with our organization. The reactor 
concept, a graphite-moderated, boiling-water, superheat reactor, 
GBSR, utilizes a fundamentally different approach of physically 
separating the uranium fuel from the water and steam channels. It 
appears to warrant further consideration leading to a reactor experi- 
ment. The GBSR is also included (75h) in the AEC’s new concepts 
program. 

Representative Houtrretp. Could I stop you there, please? I was 
shown a very interesting experiment which is supposed to take care 
of this factor of the large containment vessel. IL think they call it 
the suppression principle, where the pressure is piped off into a body 
of water rather than having a metallic dome to contain it. 

Dr. Starr. Yes. 

Representative Honimrevp. If that works out—I do not know just : 
what stage the experiment is in at the present time—lI assume that | 
would apply to pressurized-water- or boiling-water-type reactors. If | 
that works out satisfactorily, that would obviate the necessity of hav- : 
ing these large containment domes which are pretty expensive and | 
difficult ¢ 

Dr. Srarr. Yes. That is a developmental device for reducing the 
size of the containment building that holds all the reactor and all | 
devices in the event of a condition which bursts the reactor proper 

and puts steam and other products into the reactor building. 

Representative Hotirretp. But not the immediate containment ves- 
sel for the reactor itself. ) 

Dr. Srarr. It is not the vessel which holds the reactor core and 
which holds water at several thousand pounds per square inch of 
pressure. It is that vessel which is an engineering problem which} 
places a limitation on how big you can make the core. 

Representative Hotirieip. I see. That theory would not solve the 
containment vessel for the reactor, but merely the size of the building 
or the backup, you might say. 

Dr. Srarr. That is right. 

Mr. Ramey. On this GBSR reactor, is this the same general type 
that the Russians are working on 4 

Dr. Srarr. It is similar in the basic philosophy of trying to sep- 
arate the fuel from the coolant channel. The GBSR 1s primarily 
devoted to removing what could be a difficult maintenance problem 
They have taken the fuel and placed it in one part of the reactor 
and the coolant channels some distance away, separated by a graphite 
moderator. So, if anything happens to the fuel, it will not get int 
the coolant channel. 

The Russians have a fuel element which they have been developing 
for years which, if it fails, does not get fission products into the cool. 
ant channel but goes into the rest of the structure. 

The GBSR has three sections. It has a boiling section and tw 
superheat sections which are steam cooled. It permits, like all thf 
large graphite reactors, extension in size, and it also looks as thoug 
it will reduce the maintenance problems which go with various reacto 
types. For this reason the utility group was quite interested in es 
ploring it. 
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We have just completed what amounts to a feasibility study and we 
hope to continue these studies. 

Mr. Ramey. What size are you thinking about on this kind 
reactor / 

Dr. Srarr. It is being looked at for 300 electrical megawatts, but 
one of the characteristics of this type of reactor is that it has no 
size limitation other than just physical structure. From the point of 
view of the utility industry, by the time you wanted it, you would be 
talking about 500-electrical-megawatt machines. 

I might point out that the British reactors and the French power 
reactors that are now being built are all in the 500-electrical-megawatt 
size. I am sure as time goes on the utility industry in the United 
States that utilizes big plants will be thinking of plants of 500 elec- 
trical megawatts. 

Representative Horirrep. What size plant would it take to prove 
this concept out ¢ 

Dr. Srarr. As a reactor experiment, we are talking here of some- 
thing which tests out the engineering system and which would be of 
the order of 10 or 20 megawatts. It would be a small experiment. 

Representative Hotirieip. It could be along the size of the Santa 
Susana or Vallecitos plant as a step in the technology. 

Dr. Srarr. Yes, sir. 

As a more general comment, I believe it is extremely important that 
the Commission continue to emphasize the areas of fuels and mate- 
rials. In particular, the development of low-cost methods for the 
remote fabrication and pyrometallurgical processing of pultonium 
and thorium fuels must be rapidly accomplished. The cost associated 
with these processes may be a key determining factor in the eventual 
utility of both thorium and pultonium cycle reactors, including the 
fast breeder. I have previously indicated the long-range importance 
of the plutonium cycles. 

In recognition of the international objective of our program, it 
becomes additionally important that we incorporate in our planning 
the opportunity for major nuclear advances. The development of 
atomic power in the nonindustrial nations of the free world will 
cover such a span of decades that advanced and as yet undeveloped 
concepts may play a significant role. We should have the foresight 
to recognize the importance of new concept development, and provide 
opportunity for this in our planning. 

Representative Honitrretp. Doctor, have you had a chance to talk to 
any of the Russian atomic scientists ? 

Dr, Srarr. They have been out to visit us; yes. 

Representative Horirretp. Do you feel that they have been frank in 
telling us what they are doing? 

Dr. Srarr. I think they have been very frank in telling us what 
they have done. I have no way of knowing whether they have told us 
what they are doing. I think there is a ‘distinction here. It is my 
impression that, after they have something completed and well under- 
way, we hear about it. We were not able to get much indication of 
what was in the conceptual development stages in their program. 

Representative HonirreLp. We know that they are building several 
different types of reactors. Did they give you any real information 
on the type that they are building now ? 
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Dr. Starr. Only what has been made public. 

Representative Horrrrecp. Have they talked more or less about the 
Dubna plant and the others they have allowed visitors to see ? 

Dr. Srarr. The only reactor types they discussed they have already 
publicized and Mr. McCone gave a review of these when he returned 
from Russia, I believe. They indicated to us a considerable amount 
of interest in the organic reactor and left our own people with the 
impression that they were undertaking work in building an experi- 
mental organic reactor. But there has been no official pronouncement 
of ny sort on this particular program. 

Representative Horrrrenp. Were their questions of high profes- 
sional character in the organic-moderated technique ? 

Dr. Srarr. T didn’t get the question. 

Representative Hotrrretp. The point I was trying to find out was 
if their questions indicated considerable knowledge in that technique, 
or were they exploratory ? 

Dr. Srarr. Their questions indicated a degree of sovhistication 
which would only exist with people who have been working on this 
kind of technique. 

Representative Hottrretp. I do not think we have any knowledge 
at all of the specific reactor thev are building at this time. 

Dr. Starr. They have not officially made any announcement of this 
sort. 

Representative Hosmer. Before you proceed to the next section, 
earlier in this section of your testimony you warned against providing 
major support only for reactor systems which looked immediately 
economically feasible, and suggested a responsibility to work on a 
broad range aiming at the best possible reactor. 

My question is going to be. Why should we do this? and. in nreface 
to that. let me say that everybody comes up and says we should do this 
and nobody savs why. 

T may be unkind. but when vou talk about the fuel cost of a reactor 
right now at 4 mills and you imply that you are going to have it at 2 
mills the real difference is slight. There are a lot of people that share 
my suspicion that had we developed steampower for automobiles we 
might be better off than we are with gasoline engines. But we never 
got around to that for one reason or another. Yet we are getting 
along pretty well anyway. 

This is the context that I address my question to this particular 
business here. 

Dr. Srarr. If I might answer your question as succinctly as I can, 
there are several points involved. 

One is that if there was complete assurance that any one particular 
approach was really as good as any of the conceptions that anvone 
had, and it was likely to meet all our needs for the future, I think 
anyone in the reactor business that intended to stay in the business 
would climb on the bandwagon of that particular approach. The fact 
that this is not being done is an indication of a considerable amount 
of technical questioning as to whether in the long run this particular 
approach, or any one particular approach, is going to give the proper 
answer. 

Representative Hosmer. That is true, but then we get into this 
business of what is the long-run gain. Why should we in the next 50 
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years be striving for anything less than 2 mills per killowatt-hour as 
a fuel cost and maybe after that generate something at down to one or 
half a mill? 

Dr. Srarr. I believe I can answer that question, but if I may just 
give a homely analogy for this. When a boy is born into the family, 
some people determine his career immediately. Some wait until he 
has gotten into high school. We are still in the infancy stage in this 
business. I think it is premature now to freeze the course that this 
business is going to take indefinitely. The Government can very 
well do this just by the magnitude of the nature of the work that has 
to go into these programs. 

I think we have got to wait at least until we get into the adolescence 
of the business. 

I would guess in the next 10 years we are going to be going through 
that phase and we are going to get a much better idea of what are the 
key issues, what are the key problems, and what are the key solutions 
which determine the reactor types that ought to be concentrated on, 
at least for an ensuing time. 

If one considers that until about 6 or 7 years ago the amount of 
work on power reactors was very small, you can perhaps get some 
feeling that we are just beginning to sound out the various technical 
aspects. I think it is the fact that we have just begun to explore all 
the technical problems that have to be solved to make these plants 
useful to a utility operation that makes us hesitate now to pick a few 
to push. 

Representative Hosmer. Then you would quarrel with this com- 
mittee, which has always been pushing the Commission to get faster 
into economic power and get some kind of program because we have 
to have it in X number of years, 10 years, 5 years in this area and so 
many years in that area, and you would rather say, let this thing de- 
velop in the theory of trying to find what is really best rather than 
to force economic considerations too closely around its neck? 

Dr. Srarr. I don’t think I have a quarrel with the committee. 

Representative Hosmer. I would not expect you to admit it today 
if you did. 

Dr. Starr. I think that the interest of not just myself but I think all 
of us in the field is to see the progress made as rapidly as possible. I 
don’t think there is a great difference of opinion in the field that it 
ought to be made on a variety of approaches. 

When you are trying to get somewhere, the fact that the horse gets 
whipped for various reasons is perhaps secondary to the fact that 
he gets whipped at all. 

We would like to see progress made. I will not quarrel or even 
try to defend having economic power at a specific date because, 
frankly, I don’t know what that means. This has been a subject of 
great discussion for some years, and I am sure you will get as many 
opinions on this as there are people to speak. 

I think there is a worthwhile national goal in moving ahead as 
rapidly as possible with the field. I think it ought to be on a fairly 
broad front. This becomes a matter of technical and engineering 
management philosophy rather than one of pinning down a specific 
date at which something has to be done. 
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Representative Hosmer. That is the reason I brought it up. So 
often we speak in terms of progress or lack of progress when actually 
we need to examine our philosophy as well. 

Dr. Starr. Surely. 

Representative Hosmer. Go ahead. 

Representative Houirtetp. Dr. Starr, I think the committee’s posi- 
tion in the past has been to explore various fields. We have also in- 
sisted that each field follow the so-called staircase method. 

As the technology increased, we would step from the experi- 
mental loop to the small reactor and then to a prototype and then to 
a full scale. It is pretty well known that there was an attempt to 
write into Euratom only two kinds of reactors, boiling water and 
pressurized water. Some of the members of the committee objected 
to freezing the Euratom program to two types. 

We included language in the legislation and in the report to indi- 
cate that other approved types of reactors would be considered on 
the basis of the consumer’s desire to have a particular type of reactor. 

Dr. Srarr. Yes, sir. 

Representative Hoxirtetp. I think that has been the committee’s 
position. But, if the urgency of achieving economic power from a 
national standpoint has now abated somewhat, it seems that we can 
reevaluate the timetable and possibly put more into research and 
less into the immediate goal of obtaming an economic kilowatt re- 
gardless of the type. 

If we accept the philosophy that there is no longer any national 
urgency, then I thmk two things would evolve from that. One 
would be a curtailment of Federal appropriations into this field, 
which I can see you would not be in favor of, necessarily. 

The second thing would be going into more of a research and de- 
velopment effort in a more varied number of types of reactors, if this 
philosophy is accepted, and it seems to have been accepted by the ad- 
ministration as indicated in Mr. MeCone’s statement. I have not 
accepted it permanently yet, but I am considering it very carefully. 

Dr. Srarr. I think, Congressman, my feeling is that we ought to 
make progress as rapidly as we can. We ought to make it on a broad 
front. 

One can get, I am sure, all kinds of solutions to how one proceeds. 

Representative Horrrrerp. If that philosophy was adopted and we 
had X amount of money to appropriate from the Federal standpoint 
of helping in this industry, would you advocate the utilization of 
that money in varied types of approaches rather than in concen- 
trating on one or two rather advanced types? 

Dr. Srarr. Yes. I would recommend that the money be used in 

various types of approches. Again, I think we have to recognize 
that at some point the utility industry itself begins to feel an ap- 
proach has reached the stage where they, as a private group of people 
devoted to the power industry, can begin to make “investments of 
their own. 

Representative Horirrerp. That is all right. I am not averse to 
that. 

Dr. Srarr. This has occurred in the water reactors, specifically. 
think the principal point I am trying to make is that, as time goes 

, the other reactor approaches ought to be supported and many of 
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these will reach the point again where the utility industry will begin 
to pick these up. Iam definitely against concentration of the moneys 
available on just a very few types. I feel we are not ready for it. 

Representative Honirretp. If the international competitive urgency 
is removed, there is no reason for us concentrating on one or two 
types ! 

Dr. Starr. That is right, 

The next topic that I was going to develop was the work on space 
power applications. 

Another area of the Nation’s atomic development that offers a 
unique opportunity for implementing future planning is the use of 
nuclear reactors for auxiliary power, both military and nonmilitary 
space missions. 

Our country today finds itself engaged in a tremendous program 
for the de ‘velopment of the basic boosters and vehicles for space and 
satellite missions. This program is one of the largest items in our 
national budget. The booster program recognizes that, because of 
the long development lead times required, it is necessary to plan and 
develop booster ¢ apabilities independently of specific missions. As 
Dr. Hugh L. Dryden, of NASA, so ably emphasized in his recent 
congressional presentation of the space program, because of this lead 
time it is essential that, in addition to the development of boosters, 
the development of payloads and all the auxiliary equipment that 
goes with them must be undertaken in parallel. 

A review of the projected pli ins for the development of the very 
large boosters, the magnitudes of the payloads which they may be 
able to carry, provides an indication of the electrical power which they 
may require for various missions. 

If | may go to the next chart (chart 6), perhaps I can explain 
this. This chart indicated the purposes to which one would need 
electrical power in space. If I may explain this chart, on one side is, 
unfortunately, a technical term called signal-to-noise ratio. I think 
if you have tried tuning in your radio and have found the voice lost 
by static, this signal-to-noise ratio is about 1. If you tune in a TV 
program from a distant station, and it is washed out by patterns, that 
signal-to-noise ratio is about 1. The higher the signal-to-noise ratio, 
the clearer the reception. 

On the lower part of the diagram, we have the electrical power that 
the transmitter has to have to do its job. If you consider radio trans- 
mission from a space vehicle—let us assume we had a satellite rotating 
at 300 to 1,000 miles above the earth’s surface and it is there for com- 
munication purposes of various types—this is the amount of power 
you need. If you have a focused transmitting antenna—this is one 
of these big radar balls that focuses down on a specific city or a specific 
location—if you have up to about 100 watts of electric al power avail- 
able, you get fairly good reception on the receiving end of the radio 
signal. 

These are types of things which are now being talked about using 
the solar photocells for energy. If you get much less than this, you 
begin to get into the area of poor reception. If you talk about using a 
transmitter for radio which covers a whole country—it is not focused 
to a specific city—then you need about 10 times as much power for 


good reception; about a kilowatt. 
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About this point you are beginning to hit the limit of what you can 
get out of solar cells under reasonable development at the present 
time. 

Representative Hosmer. When we get to this 1 kilowatt, let us 
relate that to something we can understand. We hear about this 
50,000-watt, clear-channel radio station. Where does that fall in? 

Dr. Starr. This 1 kilowatt is the power supplied to the transmitter. 
The 50,000-watt, clear-channel stations are extremely powerful. They 
would be 100 times as powerful as this kind of thing. You can actually 
receive these 50-kilowatt stations a good distance away. Transmis- 
sion from space to earth is in many ways easier than over the surface 
of the earth. 

Representative Hosmer. Relate it to the transmitting stations. 

Dr. Srarr. These are very small. If you go to TV transmissions— 
we have talked about using these satellites to give TV transmission 
to people on the earth’s surface—the power requirements are very much 
higher. Here, again, if you have a focused transmitting antenna— 
suppose you are over a particular city like New York and you want 
to focus down on New York City—no one wants a snowy picture. If 
you want a good picture, you would have to have roughly about 100 
kilowatts of power. These are for space power sources. These are 
huge power sources now. I will come in a moment to how to get this. 

if you are talking about spreading TV pictures over a big : area of 
the country now, you are talking about having maybe a megawatt 
of electrical power. The principal purpose of this diagram is to 
show that if we are going to use the powerplants in space for com- 
munication purposes, both radio and TV, we have to get up into 
sizable power sources. It is in this area where nuclear power, I think, 
plays the role. 

The next chart (chart 7) shows you what actually is being pro- 
posed in terms of various missions for large oo which we are 
supporting in this country. Here is the year in which they have 
been discussed as being flyable. You will see “that the payloads 
these large boosters carry, the very nearest one in time, which is in 
the next year or two, will only carry 1,000 to 1,600 pounds. But 
after that they are talking about 10,000- pound payloads. Then, later 
on, in maybe about 8 to 10 years, we are talking about 30,000-to 
100,000-pound payloads. 

If you talk about the power that would go with these missions, I 
have them listed here and would be happy to have you go over these 
at your leisure. We are talking here again of kilowatts. 

Representative Hosmer. I just cannot conceive of how you did 
anything but get those figures out of a crystal ball. Is that where 
they came from? 

Dr. Starr. No, sir, these did not come out of a crystal ball. These 
came out of the space program which has been reviewed in great 
detail. 

Representative Hosmer. As to just exactly what those particular 
things are going to do when they get up in the air and how many 
transmissions they will make? 


Dr. Starr. No; the payloads are the ones that have been discussed 
as the purpose of these vehicles, 
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Representative Hosmer. But the power requirements 4 

Dr. Srarr. The power requirements are those that are associated 
with the missions that have been discussed for this kind of vehicle. 
If 1 may just point out to you, this one is a communication satellite 
with a 24-hour orbit. This is an electrical propulsion device for 
space propulsion. This is the manned space laboratory. This is the 
electrical propulsion which takes a vehicle from low orbit, a 300-mile 
orbit to a 22,000-mile orbit. These are all missions that have been 
discussed as being possible missions for this kind of payload. Here 
is an unmanned lunar satellite. 

Representative Hosmer. You want 72,000 to 140,000 kilowatts of 
power for unmanned satellites ¢ 

Dr. Srarr. Yes, sir. 

Representative Hosmer. You have to have a television station on it. 

Dr. Srarr. It depends on what you use it for. 

Representative Hosmer. Is that how you get those requirements? 

Dr. Srarr. Yes, sir. From the particular kinds of missions which 
have been discussed as being the kind of thing you would do with 
this payload. What we have done is take a look at the amount of 
power that kind of mission would require. If you make that study, 
you find that you are talking here in the range of hundreds of kilo- 
watts of electrical power to do this. The principal point is that 
this is an area in which nuclear power can supply this electrical 
power. 

Representative Hosyer. Does that anticipate developments in these 
electronic equipments that will reduce the required power, and 
so on ¢ 

Dr. Srarr. Yes. The developments in electronic power do not 
reduce ‘the power required to do the transmission. They reduce the 
size and weight of what you can carry. The more you reduce the 
size and weight of what you can carry, the more power you will 
need, because you are going to put more things on it. So, I think 
you will find, sir, that these are not inconsistent numbers with what 
has been discussed. 

Representative Hosmer. I suppose they are not inconsistent num- 
bers, but I really can’t convince myself that they are a firm require- 
ment. 

Dr. Srarr. Firm requirements they are not. I think this 
another part of my talk, if I may go on with that. 

Representative Horirreip. While they are not. firm requirements, 
it is true there is no use putting up a 10,000-pound booster payload 
unless you know what your payload is going to be. 

Dr. Srarr. Yes, sir. 

Representative Horarrei. This is in line with all of the briefings 
that I have had. I would like to ask you this question. Can you, 
without going into security, give us the comparative efficiency of the 
SNAP development of your company in regard to the kilowatts 
produced and the time of use as against the battery load which we 
have used in our previous lightweight satellites in terms of percentage? 

Dr. Srarr. I think I have this in the testimony, if 1 may go on. 

Representative Hoxirieip. Very well. 
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Dr. Srarr. The principal point of the chart was not to argue for 
a specific mission. It was to establish this point. It is ev ident that, 
as the payloads get larger, their power requirements will similarly 
increase if we are to make the full use of the payload capabilities. 
I think this is the key point. 

In view of the fact that all of the valuable missions involve very 
long times of operation, the only energy sources that can be seriously 
considered are solar radiation, radioisotopes, and nuclear power. For 
small power requirements, solar radiation is certainly adequate, as are 
radioisotopes. However, as one proceeds from a few kilowatts into 
the megawatt range, the physical problems of utilizing solar radia- 
tion or r adioisotopes become so immense that the attractiveness of nu- 
clear power is very great. It is for this reason that the development 
of the system for nuclear auxiliary power (SNAP IT), designed to 
produce 3 kilowatts of continuous electric power in space, has been 
considered a significant milestone. The SNAP program is sponsored 
by the AEC Office of Aircraft Reactors. Our organization has been 
pleased to have had the opportunity to contribute to this development. 

Representative Hotrrevp. If you could produce 3 kilowatts of 
continuous electric power in space, this makes the mission of the 
manned space laboratory immediately feasible, as far as your auxili- 
ary power is concerned a 

Dr. Srarr. Yes, sir. The SNAP IT is intended for a space-vehicle 
use of some kind which would cover this particular range of 1964-65 
in the space program. 

Representative Horrrretp. In other words, you are at this time able 
to satisfy power requirements necessary for the space program, al- 
though Tong are a long way from it from the standpoint of propulsion. 

Dr. Srarr. Yes. I think that, in terms of meeting the immediate 
power requirements for the next few years, we have under dev elop- 
ment in SNAP II the nuclear-power source that will do this. 

Representative Hortrrecp. Are you allowed to tell us what that 
weighs, either percentagewise or actual pounds, with the amount of 
batteries that would be required to produce 3 kilowatts? 

Dr. Srarr. I could probably get the number for the batteries re- 
quired to do what the SNAP IT does. I think it would be enormous, 
simply because the SNAP IT is supposed to provide power in space 
for 1 year. The batteries are matters of weeks. I don’t think any- 
one could even consider batteries for very longtime use. 

Representative Hottrreip. So, you say it is a milestone. It isa 
real milestone. 

Dr. Srarr. Yes, sir. The only thing that could possibly be used 
as a substitute for this would be solar cells, and here we are talking 
about something which in terms of weight and in terms of cost is 
anywhere from 5 to 10 times greater: that is, the solar equipment 
would be 5 to 10 times greater than the nuclear equipment for this 
range of power. If you talk of 30 kilowatts as the next stage, or 
higher, you get to 10 or 100-kilowatts, the solar equipment is about 
10 times as ¢ ostly and about 10 times as heavy. 

In addition to the rather huge engineering problem to handle these 
reflectors out in space, which are hundreds of feet in diameter, 
there is a very serious problem as you get into these later boosters 
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and later missions, which the SNAP development as a starter could 
handle. 

Representative Van Zanpr. What is the status of SNAP II today ? 

Dr. Starr. We have completed the initial operation of what we 
call a “breadboard reactor.” This is the reactor itself placed in the 
ground so that we can work on it. It has been operating now for 
about 6 months at full temperature, which is about 1,200° F., and full 
thermal power, which is very close to 50 thermal kilowatts. The 
Thompson Ramo Wooldridge Co. is developing the power conversion 
system. ‘This is a mercury turbine and generator. We hope in the 
year to tie the reactor and turbine-generator together in a unit. We 
are hoping the schedule will match the needs that are indicated here 
on roughly the time scale here of 1964-65. 

Representative Honirretp. Dr. Starr, as you know, I have visited 
your plant and have seen this SNAP reactor in operation. I think 
your company is entitled to high congratulations for developing this. 
It is a quantum jump in my opinion in the control of instruments 
in space. 

Dr. Starr. Thank you, Congressman Holifield. We are obviously 
enthused about it, and we are pleased you find it satisfactory. 

Representative Horirrerp. Would there be any reason why you 
could not bring one of those reactors to Washington sometime? Is 
there any reason for security or other reasons ? 

Dr. Srarr. No. I think when the unit is eventually put together 
as a composite unit, both its size and weight inevitably make it trans- 
portable because the weight requirements for space are obviously 
very small. 

The leadtime required for the development of a space nuclear 
power source is considerably greater than that associated with a 
land based, or otherwise accessible, unit. In view of the high cost 
associated with each flight test with one of the very large boosters, 
the space nuclear power unit must have a degree of reliability, under 
the most severe mechanical conditions, which is not easily achieved. 
To develop such a degree of reliability requires an extensive series 
of ground test and shakedown programs in specialized facilities. 
Furthermore, the power conversion equipment, which utilizes heat 
from the nuclear reactor to produce electrical energy, is likely to be 
itself a novel development, either in the form of rotating machinery 
or in the form of one of our more advanced thermionic converters. 
For all these reasons, the leadtime for the development of a space 
nuclear power source, which is qualified in all technical aspects for 
a first flight test, is of the order of 5 years or more. 

Fortunately, the technical approach used in the development of the 
SNAP IT plant permits a logical program extension to increased 
power outputs up to the megawatt range. Such a program could 
provide a continuous series of space power units with steadily in- 
creasing power outputs, matching the present national space vehicle 
program. 


It is interesting that the present lack of specific requirements for 


large space power units arises from a type of circular reasoning. 


Those responsible for the objectives of the payloads and missions, 
utilizing the large boosters, have not seriously considered designs re- 
quiring large amounts of power simply because suitable powerplants 
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may not be available in time. On the other hand, formal require- 
ments for high power space plants are not established because the 
designers are not proposing vehicles which require high power. 

As booster vehicles become larger and more costly, it is mandatory 
that their payloads, useful life, ‘and endurance must be reliably ex- 
tended in order to obtain maximum economy of mission operation. 
It is characteristic of vehicle designers that they “strip down” the 
requirements for auxiliaries in the early stages of any program with 
consequent limitation of the mission. When the program matures, 
the scope of utilization of the payload grows, and with it, power 
requirements. As a typical example, it is interesting that the elec- 
trical power requirement of the B-52 heavy bomber has increased 
about threefold from the time of its initial inception. 

Until the advent of the SNAP II development, the nuclear auxil- 
lary power unit was considered a fanciful concept. We still have 
much engineering and testing to accomplish before we have a power 
unit qualified for flight. However, the performance to date of the 
experimental reactor has been eminently satisfactory, and there is no 
question that it can be made a successful operational power source. 

In addition to the use of these compact powerplants for space 
vehicles, it will undoubtedly be evident to those of you who have con- 
cerned yourselves with the intricacies of our military requirements, 
that such powerplants would have many other uses. Space require- 
ments represent the most demanding in terms of reliability, mechan- 
ical ruggedness, compactness, and low weight. If a family of power 
units can be developed to meet these requirements, they could easily 
become valuable adjuncts to many of the military devices where com- 
pact, long-endurance power sources are needed. 

For all these reasons, it appears to be in the national interest that 
a long-term program for the development of such a family of compact 
power units be established now. 

In the field of atomic energy and particularly in such outstanding 
developments as the SNAP application, the United States has signifi- 
‘ant technical leadership. I believe we have passed the point of 
debate on the existence of a real competition with the Soviets in 
technical areas. In this broad spectrum of competition, the impres- 
sion created by the technical accomplishments of the competing sys- 
tems is of vital importance. In the atomic energy field, the United 
States has both an opportunity and a responsibility to utilize our 
present technical lead to demonstrate real accomplishment, so as to 
substantially contribute to our international posture of competence. 

Thank you. 

Representative Houirrerp. Thank you very much, Dr. Starr. Are 
there any questions? If not, we thank you for a very challenging 
statement. 

Dr. Srarr. Thank you, sir. 

(A letter from Dr. Starr regarding availability of uranium 
follows: ) 
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ATOMICS INTERNATIONAL, 
A DIVISION OF NORTH AMERICAN AVIATION, INC., 
Varch 8&8, 1960. 
Senator CLINTON VP. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, Washington, DC. 

DEAR SENATOR ANDERSON: AS you requested at the time of my 202 hearing 
testimony, 1 am writing to explain further some of the points relating to the 
availability of uranium resources, and in particular those areas in which you 
raised some questions. 

You will recall that our resources study resulted in three principal conclusions : 
(1) that there is presently sufficient U.S. uranium at today’s prices to support 
the nuclear industry until the year 2000, (2) that a small increase in uranium 
ore prices would result in enough fuel to support the industry for the next 
century and thta improvements in reactor technology during this time could 
well offset any power cost increase due to the rise in ore price, and (3) in the 
event that breeder reactors can be successfully developed, the potential contri- 
bution of our uranium resources is large enough to take care of our energy 
needs for many centuries to come. 

As you pointed out, estimates of uranium and coal reserves should be made 
on a consistent economic basis. If we do as Putnam and others have done and 
consider deposits to be economically recoverable if they can be obtained for 
costs up to twice the going market price, we find about 260 billion tons of coal 
versus 2 million tons of uranium economically recoverable. If these tonnages 
are converted to energy equivalents using today’s reactors, the results show the 
U.S. energy reserve of coal to be eight to nine times that of uranium. 

Although it may at first seem strange that the energy equivalent of U.S. coal 
reserves, available at double present prices, is greater than that of uranium, two 
important facts should be recalled. The first of these relates to the relative con- 
tribution of fuel costs to overall power costs. When you have provided the fuel 
for a coal-fired plant, you have accounted for half the total power costs. In a 
nuclear plant the fuel cycle is only a very small percentage of the cost of the 
overall job of making nuclear power. Doubling the cost of coal can thus add 
up to 40 percent to the cost of power, whereas doubling the cost of uranium ore 
increases power costs perhaps only 5 percent. This factor of & in favor of 
uranium fuel becomes very important as one goes deeper into the resources at 
correspondingly higher prices. Furthermore, as reactor technology advances 
and the neutron economy of these plants improves, fuel-cycle costs will go down 
and counterbalance the above-mentioned effect of rising ore costs. The chances 
for any similar major advance in conventional fuel technology reducing the effect 
of increased coal costs are small. 

If we now examine the resource base (defined as the total amount of uranium 
or coal available in the earth regardless of cost) of coal as compared to uranium, 
the picture changes considerably. The resource base for coal is 2 trillion short 
tons. The uranium resource base of 300 billion short tons is the estimated 
uranium content of the earth’s crust under the United States for a depth of 
2 miles. The energy equivalent of this resource base for coal is only double 
the economic reserve, as previously defined; whereas for uranium the available 
energy has now increased by a factor of 100,000. In other words, we have already 
found about one-half of all the possible coal existing in the earth, but we have 
located only a small fraction of the uranium. The possibilities of being able 
to develop and utilize large portions of this remaining resource base are much 
greater for uranium than for coal. 

The foregoing energy equivalents for uranium are based on this fuel used 
in today’s reactors. If breeder technology can be developed, the energy equiva- 
lent available in both the reserves and the resource base multiples from 60 to 
120 times that available with present converter reactors. 

There are conclusions from this uranium-resource study that apply to our 
Nation’s reactor program planning. The availability of uranium resources in 
comparison to our requirements is such that we need not limit reactor designs 
to those which stress only long-range uranium conservation. Optimization of 
low power costs should be our primary goal. There is sufficient uranium avail- 
able at moderate ore price increases to operate these reactors on an economic 
basis. Through the continuance of a broad spectrum reactor program, many 
advances are foreseeable in the technology of converter reactors. Consideration 
of these, as well as the promise of ‘breeder reactors, indicates that before the 
overall resources problem becomes serious we can expect major atomic-power 
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developments permitting maximum utilization of the enormous potential in our 
uranium-resource base. 
Sincerely yours, 
C. STARR, 
President, Atomics International Division. 
Representative Horrrre.p. Our next witness is Mr. James L. Grahl, 
director of the Atomic Energy Service, American Public Power 
Association. 


STATEMENT OF JAMES L. GRAHL, DIRECTOR, ATOMIC ENERGY 
SERVICE, AMERICAN PUBLIC POWER ASSOCIATION 


Mr. Graut. My name is James L. Grahl, director of the Atomic 
Energy Service and assistant general manager of the American 
Public Power Association. 

The American Public Power Association, in whose behalf I am 
testifying, is a national trade organization representing more than 
1,000’ local publicly owned electric utility systems in 42 States and 
Puerto Rico. Headquarters of the association are at 919 18th Street 
NW., Washington 6, D.C. 

Our association has been deeply interested in the atomic power 
dev elopment program since its inception and, due in large part to 
the interest of your committee, a number of local public power sys- 
tems are participating actively in it. 

Nuclear power projects are now under construction on the systems 
of the Consumers Public Power District of Nebraska and the city of 
Piqua, Ohio, under contract arrangements with the AEC, and a con- 
tract for a developmental plant on the system of the Puerto Rico 
Water Resources Aurmorey recently was signed with the Commis- 
sion. The Commission shortly will select a municipal or rural co- 
operative system on which to locate the 16,500-kilowatt pressurized 
water reactor authorized last year, and has invited proposals from 
the consumer-owned systems on the 50,000-kilowatt boiling water 
prototype, also authorized last year. 

We greatly appreciate the interest and support of your committee 
in assuring the inclusion of these projects in the atomic power pro- 
gram, and are gratified that the Commission is moving ahead with 
them. Most of these projects are being undertaken under the terms 
of the “second round” or terms closely similar to these, and so the 
second-round formula appears to be workable and satisfactory. 

We believe that these projects will contribute significantly to the 
advancement of nuclear power technology and that several of them 
will contribute particularly to the development of plants in the size 

range of 50,000 kilowatts and below, a range in which our member- 
ship has a particular interest. 

Since this committee is aware of our views on the atomic power 
program in general, on the basis of our testimony in previous years, 
this statement is confined largely to comments upon the 10-year pro- 
gram as proposed by the Atomic Energy Commission last week. 


COMMENTS ON AEC PROPOSED PROGRAM 


The publication of the Commission’s excellent evaluations of the 
civilian power reactor program is certainly most commendable. Parts 
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I and IT in particular are highly informative and valuable documents. 
Part IV, the Commission’s 10-year program, represents a very desir- 
able step forward in mapping out a future program but I would like 
to offer the following comments on it. 

1. The AEC sets a target date of 1968 for attaining marginally 
economic nuclear power using 300,000 kilowatt units in high-fuel-cost 
areas, but the program which AEC proposes does not seem geared to 
achieving actual demonstration of this goal by 1968. This conclusion 
is based upon data in part I and part IT of the AEC report. For 
example, part I says that the pressurized water reactor is at a point 
where a 300,000 kilowatt plant constructed with the current technol- 
ogy would produce power for 9.56 mills per kilowatt-hour but that 
these costs “could only be achieved after the period of time required 
for plant construction and fuel cycle equilibrium.” Allowing 1 year 
for design, 3 years for construction and 3 to 4 years for fuel cycle 
equilibrium, this indicates that a 300 megawatt PWR started now 
would produce 9.56 mill power by 1967-68, thus falling considerably 
short of the AEC goal of 7 mill power by 1968. 

However, part II concludes that “with maximum telescoping of 
effort” a 300-megawatt PWR would be completed in 1966 which would 
produce power at a cost of 7.8 mills, but only after fuel cycle equi- 
librium is reached, 3 to 4 years thereafter. So part IT indicates that 
the best we can do is to attain demonstration of 7.8 mill power by 
1969-70, still not down to the AEC target cost of 7 mills, and 1 to 2 
years beyond the AEC target date. 

The above data are in respect to the pressurized water reactor, which 
is the most technologically sdvencel system in the civilian power 
reactor program. The gap between the 1968 goal and the achieve- 
ments of AEC’s proposed program presumably would be greater for 
the other, less well understood reactor concepts. 

2. However, the AEC 1968 goal as AEC defines it seems to be not 
so much a specific technical goal as a state of mind. Thus, AEC says 
in its 10-year program statement (part IV) that “competitive nuclear 
power will have been achieved when utility executives can decide to 
build nuclear stations based on economic considerations.” This is a 
most uncertain standard; it depends not so much on demonstrable 
technical achievement as on management decisions and attitudes. As 
defined, the AEC goal appears achievable at almost any time at the 
will of utility executives. 

The flexibility of this standard is illustrated by AEC Chairman 
McCone’s testimony that two California utilities are now seriously 
considering the construction of 300,000-kilowatt nuclear plants based 
upon economic considerations. If I understand AEC’s definition, we 
apparently will achieve economic nuclear power as soon as one or both 
of these utilities makes a favorable decision. In this event, AEC’s 
1968 target could become relatively meaningless as AEC defines it. 

If we were, in fact, on the threshold of economic nuclear power in 
300 megawatt units, there would be a question as to the need for 
further Government research and development expenditures on large 
light water reactors. Additional cost improvements could be left to 
private industry and the normal motivations of the profit incentive. 

In short, the AEC 1968 program objective as defined appears to be 
too amorphous to be meaningful. A specific objective measured in 
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terms of actual demonstration or other tangible evidence of technical 
ee seems required. 

As regards new reactor construction projects, the proposed AEC 
10 year program reflects a general policy of “let’s wait and see.” With 
the possible exception of a "20,000-kilowatt PWR in a remote location, 
AEC definitely proposes now new starts beyond those already au- 
thorized. The program calls for waiting until 1963-64, after 2 or 3 
years of operating experience with plants now under construction, 
and states that then the construction of certain additional projects 
“could” or “may” be started. 

The proposed Commission program is more conservative and less 
definite than the program outlined in the valuable staff studies con- 
tained in Part Il: Economic Potential and Development Program. 
Yet I believe that AEC has provided no detailed explanation as to 
why the development program suggested by the technical experts 
was cut back rather significantly in the Commission’s 10-year pro- 
gram, but without an equivalent cutback in the main program ob- 
jectives. 

The lack of any proposed new starts is most disappointing to those 
of us interested in an aggressive atomic power development program. 
It is difficult to believe that this rel: atively limited approach will 
achieve demonstrably economic nuclear power within the next decade. 

4. Our skepticism of the adequacy of the AEC program is based 
in part, as indicated above, on comparisons of the AEC staff studies 
with the AEC proposed program. This skepticism is reinforced by 
another consideration. AEC’s optimism about early achievement of 
marginally economic nuclear plants relies heavily upon the light water 
reactors. Yet Admiral Rickover, the man primarily responsible for 
development of the pressurized water technology (which is the base 
for all light water reactors) recently stated his opinion that the 
achievement of economic nuclear power would take at least 10 more 
years and perhaps 20. This observation seems at considerable variance 
with AEC’s judgment of a relatively high probability that light 
water cooled reactors in the siieaihe near future can achieve com- 
petitive power in the high fuel cost areas of the United States where 
large single units are practical. 

The AEC optimism about the adequacy of the present reactor 
sianaereaiiins program apparently is based upon extrapolations of the 
estimated nuclear “power costs developed in the staff studies in parts 
Tand II. However, aside from Shippingport, these figures rest upon 
very little power reactor operating experience. In the case of sev- 
eral concepts, they rest upon none at all. While the capital-cost figures 
doubtless are based upon actual construction experience to date, fuel 
and operating cost estimates are quite conjectural. 

Furthermore, virtually every power reactor project under con- 
struction has experienced cost or technical problems. Yet the AEC 
program statement (pt. IV) makes no mention of these difficulties. 
As a matter of fact, it refers in one place to “the large Dresden plant 
now in initial operation,” although this plant is not in initial opera- 
tion and has been encountering difficulties in even going critical. 

The above are further reasons for wondering whether the Com- 
mission’s present optimism is justified. 
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Representative Hormretp, Mr. Grahl, we have been accustomed 
in this committee to optimistic statements for the past 10 years in 
regard to the reactor program. So, this is not new at all. We have 
had many optimistic conjectures as to how many millions of watts 
would be on the line by certain dates, and how close we were to eco- 
nomic power, and all these sorts of things. This is part of the rosy- 
lass . chnique that has been in evidence for many years in the AEC. 

Mr. Grant. Yes, sir. 

Sp wpemagh Horirtetp. Please continue. 

Mr. Grau. 6. The AEC program makes no specific provision for 
additional onic ts aimed at de veloping economic small plants; that is, 
in the 50,000-kilowatt range and below. This size range is of particu- 
lar interest to many of the local publicly owned utilities which are 
members of the association, and the lack of additional projects is se- 
verely disappointing. Last year, at the urging of this association and 
the Nation: al Rural Electric Cooperative Association, the Commission 
made some preliminary studies and set up what we understood would 
be a systematic small plant development program. We were highly 
gratified at this and at the fact that AEC recommended, and your 
committee and the Congress approved, an additional small-plant, 
second-round project last year. This, together with the Piqua and 
Elk River projects, provided a base for the program. 

Ilowever, a series of small plants of each of the selected types will 
be required if this effort is to be effective. In its study last year for 
AEC, the General Nuclear Engineering Corp. concluded that a direct- 
cycle, boiling-water reactor coupled with an oil-fired superheater 
“could achieve the objective of immediately establishing a new low in 
power cost from small nuclear powerplants.” Last August, the Com- 
mission itself seriously considered adding such a project to the small- 
plant program. 

For AEC now to propose no new starts during the next 2 to 4 
years means further delays, and the AEC 10-year program therefore 


seems seriously inadequate as far as plants of 50,000 kilowatts and 
below are concerned. 


PROGRAM RECOMMENDATIONS 


Based upon the foregoing considerations, we offer the following 
recommendations: 

That more tangible and definite goals be adopted for the atomic 
power program than AEC has proposed and that, to supplement the 
projects sponsored by utilities under the AEC partnership program, 
a strong Federal program of developmental power oe const ruc- 
tion be undertaken along the lines of the Gore bill, S. 683 

The brilliant success of the Shippingport reactor atin suggests 
that such a Federal program should include developmental plants 
designed and operated primarily to solve technical problems, and 
backed up by a large and competent research and development 
laboratory. As we have testified previously, we do not regard this 
bill as public-power legislation, inasmuch as such developmental 
plants would make comparatively little power available for public 
distribution. In fact, most of this power would probably be used by 
AFC itself. 

(See also letter dated aig ewig 16, 1959, to Chairman Anderson 
from James L. Grahl, in app. 5, p. 641.) 
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That the small plant development program which presumably 
was established as a definite effort last year be continued on a sys- 
tematic basis, and that Congress authorize this year at least one more 
sec ond- round project in the small-plant size range. 

That Congress authorize the conversion to a dual-purpose plant 
of the large convertible reactor now under construction at Hanford. 
Such conversion would make constructive use of the reactor heat to 
create a power capacity of at least 700,000 kilowatts, equivalent to 
more than one Bonneville Dam, instead of wasting this huge amount 
of energy. This recommendation is based upon the General Electric 
Co.’s finding that a dual-purpose plant would be economically justifi- 
able and result in a lower net cost of plutonium to the Government. 

That every reasonable effort be made to make full use of the heat 
energy from the new 150,000-kilowatt core to be installed in the 
Shippingport reactor. For AEC to spend several million dollars in 
order to waste steam equivalent to 50,000 electrical kilowatts does not 
seem sensible. The addition of a 50,000-kilowatt turbine generator 
not only would make use of the additional energy from the new core, 
but also would permit further development and testing on the steam 
turbine end of the plant. The latter would appear desirable, in view 
of the serious difficulties encountered to date with the turbine equip- 
ment. 

AKC is already investing a substantial sum on equipment to dump 

steam equivalent to about 20,000 electrical kilowatts at the experi- 
mental boiling-water reactor at Argonne National Laboratory, and 
it would be most regrettable to repeat this policy on a large scale at 
this country’s primary developmental power reactor facility. 
5. That the national laboratories continue to play a strong role in 
civilian power reactor development. The Nation should continue to 
receive the benefits of fully effective use of these uniquely valuable 
facilities. We recognize, of course, the need for and desirability of a 
flourishing private ‘industrial capability in this field. However, this 
should not, and need not, be achieved at the price of reducing the effec- 
tiveness of the laboratory organizations which in large part have cre- 
ated the science and tec hnology of nuclear reactors. 

Attached to this statement are copies of several resolutions on 
atomic power development which were adopted by our membership 
at the association’s 1959 annual convention in Seattle, Wash. I re- 
spectfully request that these be made a part of the record. 

On behalf of our association, I should like to express our apprecia- 
tion for this opportunity to present our comments on the atomic power 
program. 

(The resolutions referred to follow :) 


[Resolutions on atomic power issues adopted by the membership of the American Public 
Power Association at its national convention, May 28, 1959, Seattle, Wash.] 


SMALL ATOMIC POWERPLANTS 


Whereas the American Public Power Association repeatedly has emphasized 
the need, in the interests of the consumers of the several thousand local publicly 
owned and cooperatively owned electric systems in the United States, for develop- 
ing economically practical atomic powerplants in the range of 5,000 to 50,000 
kilowatts of electrical capacity ; and 

Whereas atomic powerplants in this size range also are important for use 
in the underdeveloped countries of the free world; and 
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Whereas the Atomic Energy Commission has approved in principle contract 
arrangements with the municipal electric system of Piqua, Ohio, a member of this 
association, and is constructing a power reactor on the system of the Rural 
Cooperative Power Association of Elk River, Minn.; and 

Whereas the Commission this year announced its intention to launch a spe- 
cific program to develop commercially practical small civilian nuclear power- 
plants and has requested congressional approval of one developmental project 
for this purpose: and 

Whereas an effective program and the timely achievement of economic small 
plants require a larger program for the construction and operation of develop- 
mental projects: Now, therefore, be it 

Resolved, That the association commends AEC’s favorable action on a small- 
plant development program, urges that the Piqua project be undertaken as soon 
as possible, and recommends that additional small-plant projects be authorized 
by the Congress and initiated promptly in order to establish an adequate and 
effective program for small nuclear plant development. 


HANFORD DUAL-PURPOSE PLANT 


Whereas the U.S. Congress has authorized the construction by the Atomic 
Energy Commission of a new plutonium production reactor at Hanford, Wash., 
capable of conversion to power production ; and 

Whereas studies by the General Electric Co., the operating contractor for the 
Hanford works, show that a dual-purpose plant would produce plutonium for 
the Government at the lowest cost and that the power excess to Hanford’s 
needs could be integrated with the system of the Bonneville Power Administra- 
tion; and 

Whereas such a plant would contribute importantly to the advancement of 
atomic power technology; and 

Whereas there are no presently planned or existing atomic powerplants in 
the Pacific Northwest ; and 

Whereas the location of the Hanford convertible reactor would not interfere 
with the later construction of the proposed three-quarter million kilowatt Ben 
Franklin Dam: Now, therefore, be it 

Resolved, That the American Public Power Association urges the early authori- 
zation and installation of power-producing features for the Hanford convertible 
reactor in order to achieve the dual benefits of low cost plutonium and power 
production ; and be it further 

Resolved, That the dual-purpose plant be utilized fully as an atomic powerplant 
training and information center for the Pacific Northwest. 


NUCLEAR POWER DEVELOPMENT PROGRAM 


Whereas our fossil fuel reserves are exhaustible and nuclear power must be de- 
veloped with vigor and determination to provide the American people with an 
ever-increasing supply of low-cost electric power ; and 

Whereas recognized U.S. international responsibilities also require a fully effec- 
tive atomic power development program; and 

Whereas the experience of the past 4 years has demonstrated conclusively the 
inadequacy of the efforts of the private power companies to build the develop- 
mental atomic powerplants required for a strong and purposeful U.S. atomic 
power program; and 

Whereas this experience has fully confirmed the position consistently taken 
by this association that a substantial number of additional Federal full-scale 
plants should be undertaken promptly in order to strengthen and accelerate 
the U.S. atomic power program: Now, therefore, be it 

Resolved, That the American Public Power Association urges that the U.S. 
Government adopt a clear and positive policy and program for developing atomic 
power and establish objectives for an accelerated effort; and be it further 

Resolved, That the association urges the Government to undertake in the 
public interest the construction of atomic powerplants of representative sizes 


and types, both large and small, in addition to the projects underway or proposed 
under the present demonstration program. 


Representative Houirrecp. Thank you, Mr. Grahl, for your com- 
ments. Are there any questions? If not, we will excuse you. 
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Mr. Grant. Thank you. 
Representative Honirieip. We will ask Mr. J. D. Rauth, of the 
Martin Co., to come forward. 


STATEMENT OF J. DONALD RAUTH, VICE PRESIDENT, THE MARTIN 
CO., GENERAL MANAGER, NUCLEAR DIVISION 


Mr. Ravutu. Mr. Chairman, my name is J. D. Rauth. I am a vice 
president of the Martin Co, and general manager of Martin’s Nuclear 
Division. 

Martin’s efforts in the nuclear field include the manufacture of 
fuel elements, the design and production of complete reactor systems, 
and the relatively new area of isotopic power. In order to save the 

ime of the committee, | would like to ask permission of the chairman 

to submit a letter for the record containing more detailed information 
on our current programs (p. 344). I feel that this background may 
be helpful in considering my remarks today on two specific areas of 
the industry. These are the fields of military ground power and of 
lsotopie power. 

On the subject of military ground-based power, I have two observa- 
tions to make. The first stems from the fact that economic factors 
have a far greater bearing on the use of nuclear power for military 
ground stations than they do on nuclear propulsion—whether it be 
propulsion of submarines, aircraft, or rockets. In the fiield of propul- 
sion, there are certain jobs which other systems simply cannot do. If 
we want to do these jobs, we have no choice but to use nuclear power. 
When we talk about supplying heat and electricity to meet ground- 
based military requirements, however, we must recognize that these 
tasks can be handled using other fuels 

During the past 5 years, Martin has invested heavily in facilities, 
equipment, and personnel devoted to reactor systems for military 
ground use. In several of our recent bids we have expressed a will- 
ingness to make further investments of our own capital in facilities 
which would be of special value and which would also help us to 
keep pace with future technological development. ‘These investments 
have been made and are being made with the conviction that ground- 
based nuclear power will play an important role in future military 
planning and that nuclear power can compete economically with con- 
ventional power in remote areas. Initial costs of nuclear installations 
are higher, but a fair economic comparison must also consider the cost 
of generating power over the expected life of the plant. Since mili- 
tary budgets are authorized annually, it is often hard to argue for 
long-term savings. Also, since nuclear powerplants are not linked 
directly to specific operational missions, as are missiles and sub- 
marines, they are not likely to be treated with the same degree of 
urgency. Nevertheless, we are convinced of the economic soundness 
of this solution to remote military power needs: and we feel that the 
experience gained from further operational tests should produce an 
expansion of orders for small nuclear powerplants. Our PM 1 plant 
for the AEC and the Air Force is a major step in packaged power. 

My second observation on ground-based military power reactors 
concerns contract bids. We have already had occasion to make a 
fixed-price bid on one small military power reactor system, and we 
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ee 


expect to do so again where the system has been firmly and clearly 
established. Once the developmental stage in a given system is past, 
it is generally possible to proceed on a fixed-price basis with guar- 
anteed performance. 

Representative Hosmer. At this point before you go into the radio- 
isotopes, I would like to ask you about the packaging of these military 
reactors. It seems to me that they are going one place and they are 
going to stay there and they are not going to be rotated around at 
various bases overseas, the packaging as far as I understand it seems 
to be toa greater degree than is nec essary to facilitate putting atomie 
reactors at a remote base. Am I wrong in that impression or are 
there factors in it that I don’t understand ¢ 

aa Rautru. Our particular system, which is the PM 1, was built to 
be air shippable. This feature, | am advised, is important when you 
are Geabies of the Arctic installations. If you have to haul this 
unit over the Arctic ice, the best you can do is a few miles a day. Soif 
the system is in fact air porte able, then you are able to actually go 
into the area, bring in your aircraft, and install it at the site. 

Representative Hosmer. Perhaps the packaging term is a wrong 
term. It is a reactor that is broken down into pieces of size and 
weight that are air shippable ¢ 

Mr. Rautrnu. That is right. 

Representative Hosmer. And not necessarily what we would regard 
as a do-it-yourself, move-it-yourself, reactor, is that right ? 

Mr. Raurn. That is right, su 

Representative Hosmer. Thank you. 

Mr. Ravuru. The oldest continuing contracts in our nuclear divi- 
sion are those from the Aircraft Reactors Branch of the AEC’s Divi- 
sion of Reactor Development and are in the area of isotopic power. 
From this work, the isotopic fueled SNAP III thermoelectric gen- 
erator was developed. To me the successful operation of the SNAP 
[1] unit opened up a new era. The ability to operate continuously 
for years without refueling or servicing m: akes such a device unique. 
In fact, there are some applications in which isotopic power seems to 
provide the only solution: and even from an economic standpoint it 
can compete in many areas with more conventional sources. Discus- 
sions with the military services have produced much interest. We 
are now designing and building for the Office of Isotopes Develop- 
ment of the AEC a strontium 90 direct conversion power source for 
an integrated design of an automatic weather station. This unit 
would take advantage of the long half life of the isotope and the di- 
rect conversion features. This unit was referred to by the AEC be- 
fore you last week. A model of this station, prepared for the Office 
of Isotopes Development of the AEC, is here today. I understand 
that you have expressed an interest in seeing it. 

The opportunity to exploit the usefulness of isotopic-powered 
devices remains stunted, however. The basic roadblock is the un- 
availability of suitable amounts of specific isotopes. For your refer- 
ence, the first SNAP III generator used about 1,700 curies of radio- 
activity. The weather station, mentioned earlier, will use about 
20,000 curies. A single 100-watt generator designed for the AEC 
to use strontium 90 will require 300,000 curies of activity. Interest 
in applications involving isotopic power is often chilled when we 
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answer—how much, and how soon. The raw materials, fission wastes, 
exist and the needs are developing, but we face a lack of supply. I 
am speaking of the need for megacurie amounts of activity. 

Pilot plant operations in the separation and purification of useful 
radioisotopes are now underway in AEC facilities. These have been 
successful, although cost has naturally been high. The AEC has ex- 
pressed interest on several occasions in facilities for quantity produc- 
tion, and it was in response to this that the Martin Co. and the Air 
Reduction Co. began joint investigations over a year ago. AirCo is 
a company with an international reputation in the chemical-process- 
ing field. 

Senior management and technical personnel of Martin and AirCo 
have explored the feasibility of a privately financed isotope separa- 
tion facility which could start the sort of production we jointly felt 
was needed in this field. The AEC has been advised of our efforts 
and has given excellent cooperation. 

Investigations by Martin and AirCo are continuing, aided by out- 
side consultation; but enough progress has been made so that we can 
report several interesting and favorable indications. 

Right now, pure strontium 90 in the form of oxide costs between 
$3.50 and $5 a curie, depending on the amount ordered. Our in- 
vestigations show that by putting one major facility on stream in 
the production of this single radioisotope, its cost in megacurie quanti- 
ties could be reduced to one-tenth of current costs. 

Naturally, the construction and operation of a privately owned 
separation plant would require close Government cooperation, in- 
cluding permission to locate the plant near a producing source of 
fission waste. The output of the new facility would, of course, be 
available to any industrial firm, scientific organization or Govern- 
ment agency holding a proper AEC license. I feel that we are speak- 
ing of an expenditure of from $10 to $12 million. 

Based on the existing potential of isotopic power, we feel that it 
is in order to establish an adequately financed, long-range program 
for the development of isotopic applications. A statement of these 
objectives would give industry a basis on which to plan. Under these 
conditions we feel that it is feasible to consider the financing of iso- 
tope separation facility by private investment. Here I am able to 
say that we at Martin have authorized upward of $850,000 to build 
a new nuclear laboratory to support our feelings with regard to iso- 
topic power. Application for a license has been made. 

I believe that a healthy, well-rounded national program for nu- 
clear energy must include the development of the important field of 
isotopic power. And as experience in numerous other scientific and 
technological areas has shown, the beneficial effects will be multi- 
— by the stimulation of research and development in associated 

elds as well. From our own experience, I can say that this has 

already been the case in the fields of direct conversion and, more 
recently, in aspects of the basic problems of radioactive fuel forms 
and waste storage. 

In conclusion, I would simply like to endorse the efforts of the 
AEC to develop a long-range program for large scale applications 
of radioisotopes and to urge this committee to further this work as 
a matter of national importance. 
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Representative Hotirrecp. Thank you, Mr. Rauth. Are there any 
questions ? 

Representative Hosmer. This $850,000 laboratory that Martin is 
going to build, I can’t understand from your statement whether that 
is an isotope separation facility or something entirely different. 

Mr. Ravuru. No, it is not. It will contain four hot cells to handle 
the building part of a job that we have in isotopic power. 

Representative Hosmer. It doesn’t have anything to do with iso- 
topic separation facilities? 

Mr. Raurn. That is right. 

Representative Hosmer. You are saying in this connection Martin 
will build. 

Mr. Ravutru. That is right. In the establishment of a national de- 
velopment program I feel that other facilities will also have to be 
built to support this idea. What I am saying is that we are actually 
doing that now. 

Representative Hosmer. That is all. 

Representative Hoxirretp. Mr. Toll has some questions. 

Mr. Toit. Mr. Rauth, isn’t the AEC producing huge quantities of 
strontium 90 at Hanford and Savannah River? Don’t they separate 
those waste products out in that way ? 

Mr. Rautu. No, they don’t, or at least I don’t think they do. Our 
own supply has been from Oak Ridge, and they do not have big fa- 
cilities down there for handling isotopes in the volume I am talking 
about. 

Mr. Totx. During the waste disposal hearings last year the AEC 
testified that strontium 90 and cesium 137 were their most long-lived 
isotopes that they were worried about, and they were putting huge 
quantities of these isotopes in stainless steel tanks underground. Do 
you have any figures on the number of curies of strontium 90 that is 
currently stored underground at Hanford ? 

Mr. Rautru. No, I don’t. I am not aware that they are extracting 
strontium 90 from the fission waste. I am speaking of an extraction 
of strontium 90 and various other isotopes from the fission wastes 
that are at Hanford, for example. 

Mr. Tout. I realize your problem is separating out the strontium 
90 from all the rest. But there is a large amount of this stuff avail- 
able now to be separated if you or somebody else wants to do it. 

Mr. Ravutu. That is true. 

Representative Hoxirtetp. Are you suggesting that the $10 or $12 
million plant for separation should be built by the Government or 
built. by private industry ? 

Mr. Rautu. By us, by industry, I mean. 

Representative Hottrretp. Are there any roadblocks in the way as 
far as licensing is concerned ? 

Mr. Rautn. No, I don’t think so. We have already been able to 
build up the ability to generate power. We have been able to speak 
to the Air Force, Navy, and other agencies, which apparently would 
be able to use it, and over the past year we have been able to actually 
build up a lot of interest. But we always seem to come to a bit of 
a halt when they ask: Is it available? Are the isotopes available? 
Because I can see need for—and they go ahead and outline their bulk 
uses. We at that particular spot have to say that the isotopes are not 
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available at this time, but they are in storage, they are in waste, and 
all that you have to do is to build an extraction plant. We are inter- 
ested in this installation ourselves, and we have studied it in detail. 

Representative Houirienp. Have you made studies on the problem 
of storing the waste from the separation ? 

Mr. Raurn. Yes, sir: we have. 

Representative Horrrietp. And the cost problems involved in 
storing the leftover waste materials? 

Mr. Rauru. There are those. 

Representative Hotrrrrevp. Is it planned to put it right back into 
the Government storage tanks? 

Mr. Ravurn. We have not gotten into that particular detail yet. 
But it is interesting to see that in our studies for the AEC we have 
been able to do some work on strontium titanate. It happens that 
this is a very stable form of strontium. It is awfully early to say, 
but this form could also be used for storing strontium, as an example. 
It is very stable, we feel. 

Representative Durnam. Mr. Rauth, what is your background? 
Are you a chemist or physicist ? 

Mr. Rauru. No, sir; I am an engineer. 

Representative Durnam. You brought — up here that is 
very interesting. I don’t believe anybody else has been in this field 
of work as far as I know to the present time. 

Mr. Ravuri. It is actually new. It is very new. 

Representative Duruam. In other words, you people are the first 
who have brought up this idea of producing power from isotopes. 

Mr. Rautn. Yes, sir. 

Representative Duruam. And actually put it in operation ? 

Mr. Raurn. Yes, sir. 

Representative Durnam. On the use and the cost, I notice you 
state on the third page that SNAP generally uses 1,700 curies of radio- 
activity. There was a station mentioned earlier that used 20,000 
curies. Over what period of time is that use? 

Mr. Ravurn. This isthe charge that we would put into the particular 
unit. 

Representative Durnam. That is what I thought. But from read- 
ing here, you could interpret it as bemg used up. That is not the 
true set of facts. 

Mr. Ravuriu. The generator we are building that would use stron- 
tium 90 would have a 28-year half life of the isotope. We would aim 
to extract the heat from it for whatever portion of that life is feasible. 

Representative Durnam. And the use of the generating power 
would depend on the life of the radioisotope. 

Mr. Ravurn. That is right. 

Representative Honirretp. Thank you, sir. 

Mr. Raurn. Are you interested in the model at this time? 

Representative Honirtetp. Yes. Would you put it on the table and 
show it? 

Mr. Ravurnu. Let me introduce Dr. J. G. Morse, from our organiza- 
tion, who will explain it. 

Dr. Morse. Gentlemen, this is a half-scale model of an automatic 
weather station. It is powered by 20,000 curies of strontium 90 as 
the heat source. The strontium is contained in pellets as the titanate 
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which, as Mr. Rauth has indicated, has been demonstrated to be an 
extremely safe and reliable fuel form. The titanate is virtually in- 
soluble in fresh water, and its solubility in sea water as studied by 
tracer techniques is shown to be in the range of 10 parts per billion, 
reaching equilibrium in about 39 years. 

This heat source is clad with a material that has been studied by 
the Navy for about 13 years. This is hastelloy C, which corrodes at 
the rate of one ten-thousandth of an inch per year. If this entire unit 
were to fall into water it would take 500 years to corroded own to the 
heat source, which in itself is insoluble in water. Of course, in 500 
years we would have gone through more than 20 half lives of stron- 
tium 90. 

Representative Durnam. Would it operate under those conditions ? 

Dr. Morse. Yes. This unit is designed for land application, but the 
powe rplant can be designed for sea application to meet some very 
important military needs. The powerplant actually is a trickle charger 
for a battery which is the primary source of power. The unit requires 
430-watt minutes for operation. This weather station has a master 
timer which puts it on the air every 3 hours. It puts its call signal 
on the air, and a sequencer measures such basic parameters as tem- 
perature, wind velocity, and barometric pressure. This is transmitted 
over two frequencies in a period of about 17 seconds. 

Representative Hoiirretp. What is the range of transmission ? 

Dr. Morse. By design the range of this transmitter was 300 miles. 
This was a selection by the Weather Bureau. 

Representative Hortrretp. Would this type of thing be useful in 
unmanned seismographic stations for the detection of bomb test 
vibrations / 

Dr. Morse. Yes, it very definitely would. 

Representative Durnam. Wouldn’t the life depend on the batteries? 

Dr. Morse. Yes, the lifetime depends on the battery, but you are 
always charging the battery. The unit can be designed to produce 
a continuous amount of power, depending on the continuous type of 
operation. 

Representative Horirrerp. You don’t have to have a separate 
battery ¢ 

Dr. Morse. No, we don’t. In this particular case it was felt that 
because of the present-day cost of strontium 90 it would be appropriate 
to design this as small as possible, so a 5-watt unit was selected under 
Dr. Aebersold’s program. 

Representative Honirimeirp. And a 5-watt unit will transmit 300 
miles ? 

Dr. Morsr. Yes. Actually we are using 430-watt minutes for the 
entire operation of the station, which means that for 10 minutes out 
of each 3-hour period it measures the wind velocity, takes readings, 
takes the average, and transmits all of the data. 

Representative Durnam. Who has indicated an interest in this / 

Dr. Morse. The Weather Bureau has expressed an interest in this. 
The powerplant is being built for the Weather Bureau and they will 
plan to use it in such an applic ation. 


Representative Durnam. That is a scale model. How large would 
it be ? 
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Dr. Morse. This is half scale. Now, depending on the isotope, the 
unit could be larger or smaller. Using those isotopes with higher 
specific powers we can reduce the size of the powerplant propor- 
tionately. 

Representative Horirrerp. This would transmit for approximately 
28 vears? 

Dr. Morse. This was designed for 2 vears, not because of the life 
of the battery or of the isotope, but because of the electronic compo- 
nents. This is giving impetus for the development of electronic com- 
ponents to operate over a long period of time. 

Representative Hosmer. How much does it cost ? 

Dr. Morse. The powerplant will cost $50,000 for the first unit. 
This will not include the cost of the radioisotope. However, we feel 
that in produce ‘tion this powerplant, including the radioisotope, would 
cost about $5,000 to $7,000, that is, producing several hundred of these. 

Representative Durnam. Suppose you had a large order from the 
services for 500 of them or 200 of them, would the strontium 90 be 
available to you? 

Dr. Morsr. No. Oak Ridge has a capability of 300,000 curies per 
year. This unit requires 20.000 curies. 

Mr. Tot. Is Oak Ridge the only source? 

Mr. Morsr. Yes. This is why we have looked into the isotope 
separation process. 

Representative Durnam. That is why you are primarily interested 
in building this plant to produce strontium out of radioisotopes? 

Dr. Morse. Yes. The Navy in particular has expressed a strong in- 
terest for use of the plant under sea. In undersea use we wonld use 
a smaller amount of radioisotopes because of the greater efficiency 
in dissipating heat. We would actually get the same amount of power 
for a smaller quantity of radioisotope. 

Mr. Rauru. There are some very interesting applications for this 
device. 

Representative Duruam. It sounds more sensible than going up to 
the moon in trying to find out the weather. 

Dr. Morse. Weare working on this, too. 

Representative Durnam. This makes better sense to me because with 
150 or 200 of them in proper places, you could forget caper the moon. 

Dr. Morse. The Weather Bureau has told us there are about 800 
places on the earth from which they would like to receive w reutliad data, 
but there is no means of getting it today. 

Representative Durnam. That is very interesting. 

Representative Herirretp. May I ask if Dr. Aebersold is in the 
house? Dr, Aebersold, could you respond to a question of what diff- 
culty you would have at Oak Ridge in making another step in the 
separation procedure of this material? Would it run into the nature 
of a $10 or $12 million plant ? 

Dr. Arrersotp. The Oak Ridge plant is merely a pilot plant, where 
we are working out separation procedures to obtain purified fission 
products, such as strontium 90, from various plutonium process wastes. 
The wastes at Hanford are not in a form that is easy to extract the 
strontium from, because they are neutralized, and put in storage tanks 
in such 2 form that several chemicals have been added. If you pay to 
pump the wastes back, it is very uneconomical. The only way to get 
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strontium 90 economically would be on the main stream of the plu- 
tonium process while you are removing plutonium and uranium so 
that you could at the same time take out the strontium. We have some 
work underway that shows this could possibly be done by solvent ex- 
traction. You might be able to remove the strontium in a similar way 
to plutonium. If one makes such a breakthrough, then strontium 90 
would be cheap. To get large quantities of it would require use of 
Hanford or Savannah facilities. We would have to modify some of 
the plutonium extraction plants to do this. I think the fastest ap- 
proach would be through Hanford by modifying one of the old bis- 
muth phosphate process lines that is now out of date. It would take 
about 2 years. I can’t give you the exact figures in cost, but it would 
be less than to build a “complete new plant. Perhaps the first stage 
should ba to go to a modified existing AEC facility as the cheapest 
approach. We should also do process development to find the cheapest 
way of getting strontium 90 in the longer range, so that private enter- 
prise would be able to take that second step of large-scale commercial 
production. They may, of course, wish to take the first step. 

Representative Durnam. I don’t know how many tankfuls you have 
out there, and I forget how much they hold. 

Representative Houtrtevp. 50 million gallons. 

Representative DurHam. Now we are destroying something we need. 

Dr. Arsersotp. I am afraid those wastes are in very poor shape for 
chemical extraction of pure fission products, and even the cost of 
pumping them up would be very serious. Taking the strontium and 
cesium out would cut down somewhat the heat generation in these 

wastes. The boiling would not be so serious. I think it would reduce 
somewhat the cost of the waste disposal. It will not however elimi- 
nate the cost of waste disposal, because you still have other isotopes 
to dispose of. 

Mr. Toit. Don’t you also have strontium 90 in most of your spent 
fuel elements from civilian power reactors? 

Dr. Arpersotp. Yes, sir. I completely overlooked discussing that 
source. Of course, the fuel processing for power reactors will in the 
future be a large source of strontium 90. When there is private proc- 
essing of fuel or even Government processing of fuel from civilian 
power reactors, there will be a continuous supply of strontium 90 and 
cesium 137. I think both of these isotopes have a lot of uses, and we 
are undertaking a program to develop uses for large quantities. 

Mr. Tori. There has been some talk of a private fuel reprocessing 
program for civilian reprocessing of fuel elements. 

Dr. Arpersotp. Yes. One of the objectives of the isotopes develop- 
ment program is to develop isotope uses which will stimulate future 
private production. 

Mr. Ravurnu. I think we ought to add here that the bulk we are 
_ iking of, and the particular needs, you will be years before you will 

able to get that from the industry. I mean there are big amounts. 
v e are actually speaking of using big amounts and we think we see 
some needs. The only source at the present time would be possibly 
Hanford. 
Representative Hotrrreip. The weapon production plants. 
Mr. Rauru. Yes. 
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Dr. ArsersoLp. With respect to the remote weather station you may 
be interested in the use of the 95 watts of heat that are not used for 
electrical production. ‘There is only 5 percent conversion of heat. to 
electricity. The 95 watts of heat, however, is very useful for heating 
the weather station. So for any use in a cold zone, in the Arctic, on 
mountain tops or in undersea applications, the other heat is not wasted, 

Representative Hourrretp. Thank you. Thank you very much for 
your presentation. The model is very interesting. 

Mr. Ravurn. Thank you, sir. 

Representative Houirretp. Mr. Brownlow, you can see we are run- 
ning about an hour behind, and some of the members have appoint- 
ments in their offices. I might give you an opportunity to make a 
choice here. Would you like to summarize this and put the whole 
statement in the record tonight, or would you like to come back to- 
morrow and be the leadoff witness ¢ 

Mr. Brownvow. I think I would prefer to come back tomorrow if 
that would be all right with you. 

Representative Hoiirrnp. Under those circumstances, we will put 
you on as the first witness in the afternoon. I am sorry we did not 
get to you today. 

We will meet tomorrow afternoon at 2 o'clock. The meeting is 
adjourned. 

(The letter by J. Donald Rauth, dated March 31, 1960, referred 
to on p. 336, contained the following material :) 


SUPPLEMENTARY INFORMATION ON CURRENT AREAS OF WorRK 


The Martin Co. has been active in the nuclear industry since 1954. At present, 
its major efforts embrace the manufacture of fuel elements, the design and pro- 
duction of reactor systems and the development of energy sources using the 
decay heat of certain radioisotopes—the field usually referred to as “isotopic 
power.” It is also pursuing a broad program of contractual and company- 
sponsored research and development in connection with these project areas. 

In the reactor tield, Martin is the prime contractor for PM-1, a portable nu 
clear powerplant to be installed next year at an Air Force station near Sun- 
dance, Wyo. PM-1 is a pressurized water system in which local boiling is per- 
mitted and highly enriched fuel is utilized. The plant will provide about 1,000 
electrical kilowatts plus heat for Air Force buildings. The final design of the 
system is complete, and zero power tests of the PM-—1 core began March 17, when 
criticality Was first achieved by a basic fuel element assembly. 

Since its conception, PM-1 has been intended as an optimized system for re 
mote applications. Significant achievements have been made in assuring air- 
transportability by reducing overall weight and the number of individual “pack- 
ages” involved. Ability to operate under extreme temperature conditions has 
been another major design consideration. 

Martin is also at work now—under contract with the U.S. Atomic Energy 
Commission—on the development of a completely new reactor concept—the 
so-called liquid fluidized bed reactor, or LFBR. The first critical test of an 
LFBR core, using pelletized fuel of very low enrichment, will be carried out 
later this year. In this system, criticality is to be achieved by regulating the 
flow of liquid moderator upward through the pellet bed. If the concept proves 
technically feasible, it would be applicable to very large power stations and 
appears to offer distinct economic advantages. Commercial application, how- 
ever, must await the successful outcome of efforts in several R. & D. areas. 

Martin’s interest in the LF BR concept dates back to 1955 and stems from 
a long-term policy of concentrating energies in developmental work on the one 
or two key items within a system which seem to offer the greatest potential for 
reducing costs or advancing the state of the art. This same policy has led 


the company to focus a major part of its efforts on the areas of metallurgy | 


and material development, and to develop the capability of producing the various 


types of fuel elements used in systems with which it is associated. Martin is 
convinced, as are many others, that the most immediate and significant ad | 
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vances in reactor economics will come through improvements in the fuel cycle. 

sesides manufacturing the stainless steel tubular fuel elements for PM-1, 
Martin has produced or is building elements of various types on a subcontract 
basis. For example, it produced the aluminum elements for the Spert-2 
experiments in Idaho, and it is now building the first core of ceramic rod ele- 
ments for the Elk River reactor. The company has also developed an inex- 
pensive technique for the manufacture of foil-type elements; and, under con- 
tract with the AEC, Martin-Nuclear has fabricated a large number of such 
elements for use in a series of critical experiments in its own privately owned 
facility as part of the Army nuclear power program. 

Studies of the materials, control and shielding problems associated with 
extremely compact reactors, although being carried out now as company- 
sponsored rather than contractual programs, are also an important segment 
of the development pattern. Martin has completed the detailed preliminary 
design of a nuclear rocket system, and the cooperative efforts of several of the 
company’s divisions are being expanded in a joint program which is expected 
to lead to the engineering, manufacture, and test of nuclear-powered flight 
propulsion systems. 

The oldest continuing contracts in Martin’s Nuclear Division are in the 
area of isotopic power. These include programs in the SNAP (system of 
nuclear auxiliary power) series, as well as efforts oriented toward various civil- 
jan uses. 

Although much has been written about the special value of isotopic power 
for space missions, its long-range importance will probably lie in land and 
sea uses. A typical application is a remote, automatic weather station, which 
is depicted in an accompanying illustration. A model of this system was dis- 
played to the committee during the hearings. A diagram of the 5-watt gen- 
erator to power it and a summary of design are also submitted for the com- 
mittee’s consideration. 

In many cases, but not all, the efforts of Martin-Nuclear are an integral 
part of companywide programs. This is perhaps most apparent in the case of 
flight propulsion, but the same principle also applies to isotopic power and 
small reactor powerplants. Martin’s work on SNAP is part of a broad approach 
to the field of auxiliary power which includes development of solar energy, 
fuel cells, and long-lived battery systems. Similarly, reactors of moderate 
dimensions promise great advantages in the ground-support systems which 
are playing an ever-increasing role in our Nation’s missile network. 

On the other hand, the best interests of Martin-Nuclear dictate that it 
cannot be completely bound by tradition, and the division will continue to di- 
rect and extend its energies toward whatever areas of the nuclear field seem 
most appropriate for its capabilities. 


(Thereupon at 4:40 p.m., Tuesday, February 23, 1960, a recess was 
taken until Wednesday, February 24, 1960, at 2 p.m.) 
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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 


WEDNESDAY, FEBRUARY 24, 1960 


CoNnGREss OF THE UNITED STATES, 
Jornt ComMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 

The committee met, pursuant to recess, at 2 p.m. in room P-63, the 
Capitol, Senator Clinton P. Anderson (chairman of the Joint Com- 
mittee) presiding. 

Present: Senator Anderson; Representatives Durham, Holifield, 
Price, Hosmer, and Bates. 

Also present: James T. Ramey, executive director; John T. Conway, 
assistant director, and George F. Murphy, Jr., professional staff 
member. 

Chairman Anprerson. The committee will be in order. 

This afternoon the Joint Committee is meeting to receive testimony 
from witnesses from industry on the development, growth, and state 
of the atomic energy industry. 

Our first witness this afternoon is Mr. J. A. Brownlow, Metal Trades 
Department of the AFL-CIO. 


We are glad to have you with us. 


STATEMENT OF J. A. BROWNLOW, METAL TRADES DEPARTMENT, 
AFL-CIO 


Mr. Brown Low. Thank you, Mr. Chairman. 

Mr. Chairman and members of the committee, my name is James A. 
Brownlow and I am president of the Metal Trades Department of the 
American Federation of Labor and Congress of Industrial Organiza- 
tions, with offices located at 815 16th Street NW., Washington, D.C. 

I deeply appreciate this opportunity to appear before the committee 
and make some brief observations and comments dealing specifically 
with certain of the Atomic Energy Commisison’s contract policies as 
they affect our membership employed in the Commission’s installa- 
tions throughout the United States. 

The metal trades department was chartered by the American Fed- 
eration of Labor in 1908. It is composed of 20 affiliated international 
unions. Almost every one of these affiliated unions has membership 
employed in plants of the Atomic Energy Commission. 

I know that the members of this committee are aware of the deep 
interest of the metal trades department, its chartered atomic metal 
trades councils, and its afliliated international unions in representing 
the production and maintenance workers employed at the major AEC 
installations. 
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We estimate that over two-thirds of such organized workers in these 
installations presently are represented through our department and 
its atomic metal trades councils or directly through our affiliated 
international unions. 

Included among the prime AEC installations where our atomic 
metal trades councils hold exclusive bargaining rights and have 
signed collective-bargaining agreements with the operating com- 
panies are the Hanford Works; the Oak Ridge National Laboratory, 
X-10; the Fabrication and Development Facility, Y-12, at Oak 
Ridge; the Sandia Laboratory at Albuquerque; the Argonne National 
Laboratory; the Feed Materials Processing Center at Fernald, Ohio; 
the Rocky Flats Plant near Denver, Colo.; the Pantex Plant at Ama- 
rillo, Tex., and several units at the National Reactor Testing Station 
at Arco, Idaho. 

Among the various other installations where one or more of our 
metal trades department affiliated international unions hold bargain- 
ing rights are such projects as the South Albuquerque Works operated 
by ACF Industries; the Kansas City plant, operated by Bendix Avi- 
ation; the Burlington plant operated by Mason Hanger-Silas Mason; 
the Shippingport project in Pennsylvania; the radiation laboratory 
and its Livermore extension operated by the University of California; 
the Zia Co. servicing Los Alamos; and the aircraft nuclear propul- 
sion project at East Hartford, Conn. 

I would call to your attention, gentlemen of the committee, that 
every one of these are contractors in the true sense of the word. 

The metal trade department, its chartered atomic metal trades coun- 
cils, and its affiliated international unions are concerned about the con- 
stant whittling away of our certified bargaining units and the result- 
ant continual narrowing of the scope of our collective-bargaining 
agreements with the prime operating companies at the major AEC 
installations. 

Classifications of work and whole functions are being carved out 
from the operations previously performed by the operating com- 
panies where we hold certification and farmed out to a wide variety 
of industrial concerns, either by subcontract from the operating con- 
tractor or by the direct action of the Commission. 

Complaints to us by our affiliates and our atomic metal trades 
councils against the shrinking of their bargaining rights due to the 
farming out of work which they normally and historically have been 
performing have been growing in recent years. 

At Oak Ridge, for example, it was estimated by our council some 
time ago that work which had been subcontracted and which was of a 
type previously performed within the scope of our bargaining unit 
involved a total of some 300 jobs of varying duration which would 
otherwise have been vertarsael by workers in our certified bargaining 
units. 

The wage rates and working conditions which have been built up 
over many years of collective bargaining with the operating companies 
are comparable with those in private industrial establishments. 

It is inequitable and manifestly unfair for the AEC not to recognize 
its responsibilities to the production and maintenance workers at its 
installations, who have struggled against unusual and heavy odds to 
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achieve a measure of job security and protection through their collec- 
tive bargaining agreements. 

In addition, seniority, retirement plans, hospitalization, and other 
benefits have been successfully negotiated with the companies which 
will not be absorbed by any outside contractor. The outside contractor 
will not enter into conditions embracing those in atomic energy plants 
because of the danger of being compelled to do the same for his other 
operations. 

We could accumulate and present evidence to show that work from 
our certified bargaining units at AEC installations which has nor- 
mally been performed under our working agreements with the operat- 
ing companies, sometimes is farmed out to nonunion, unorganized, low- 
wage establishments. 

Such actions, presumably taken in the interest of economy and to 
strengthen free competition in private enterprise, is done at the ex- 
pense of the job security and the morale of our members employed 
at the AEC installations. 

May I make this statement as emphatic as I can. I do not oppose, 
neither do any of my associates or the international unions affiliated 
with the metal trades department oppose, a contract system. We 
raise no voice of objection whatever against the contracting out of 
the construction work or any other work which AEC or even the prime 
contractor may see fit to do, except that where he replaces men who 
who are presently certified to perform that work, we feel that it is 
definitely an injustice to that employee. 

Chairman Anperson. Do you not think, Mr. Brownlow, that you 
might sometime give us an example of what you call the fact that this 
work has been farmed out to “nonunion, unorganized, low-wage estab- 
lishments” ¢ 

Mr. Browntow. I will in a moment. 

A recent example of the extent to which this vicious practice has 
gone is shown by the action of AEC last summer when it ordered the 
General Electric Co., the prime contractor at Hanford, to discon- 
tinue the performance of janitorial services in the 700 to 1,100 areas 
so that it might contract out the performance of such services. 

The 700 to 1,000 areas at the Hanford operation are areas outside 
of the barricades which include administration buildings, warehouse, 
transportation center, supply and purchasing office, and maintenance 
repair shop. 

These buildings historically have been occupied by General Electric 
personnel concerned with the operation of the Hanford Atomic Works 
and are presently so occupied. 

They always have been serviced by janitorial employees who are 

a part of the General Electric production and maintenance force, 
covered within our NLRB certification and by our Hanford atomic 
metal trades council contract with General Electric Co. 
_ The employees were told by General Electric that the AEC advised 
It was established Government policy to contract out this type of 
service when feasible, and that it was possible direct savings might 
be realized by such action. 

The workers were notified that “if the bids are favorable, the target 
date for the Commission’s contract would be July 1.” 
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It is easy to understand the consternation, worry, and confusion 
which such announcements of contracting out set off in the minds not 
only of the workers in the classification directly concerned at Han- 
ford, but throughout the entire Hanford Works and all other AEC 
installations as well. 

Many workers in these AEC plants have been employed constantly 
since the early days of our atomic program when the installations 
were highly classified and the dangers inherent in working therein 
were unkown. 

May I interpolate right there, Mr. Chairman, that in this instance 
the contractor was a large janitorial service contractor from the 
Pacific coast with offices or headquarters in Seattle, Wash., who I 
understand operates a “union” in Seattle. At least he had contrac- 
tual relations with some union over there. 

They laid off, or transferred, whichever would be proper to say, 
some 47 women or men that had been employed by General Electric 
Co., many from the time that the plant was initially built, and this 
new contractor coming in offered them work at the minimum rate 
established by the Federal Government, which I think was a dollar 
an hour, and their rate that had been negotiated was something like 
$1.80 per hour with all of the other fringes that go with a negotiated 
contract. 

None of the employees saw fit to accept that proposal. .As a matter 
of fact, it was so patently unfair even to General Electric that they 
offered some of these employees employment in some other operation 
within their plant so that they could preserve their seniority and the 
fringe benefits and so forth that they had accumulated. 

That is only one of many, many instances, and only one of those 
instances that have been proposed. 

Then at Oak Ridge, for example, our council obtained the first 
certification in 1946. 

We have many persons who have more than 15 years’ seniority 
on their jobs and have substantial interests in the rates and condi- 
tions which they have helped to establish and in the pension or re- 
tirement plan under which they are covered. 

The Atomic Energy Commission, in pursuing these practices, fails 

to recognize the sacrifices which these workers made in moving to 
these areas during the construction of the plants; living in trailer 
camps and under almost unbelievable conditions; but who have now, 
in most instances, established permanent homes there. Their chil- 
dren are now attending schools there. Many of them own their 
own homes; again, under an insistent policy on the part of AEC com- 
pelling the purchase by their employees of these homes. 

That may seem like a strong statement, but the employees residing 
in these homes, when they were operated by the Government, owned 
by the Government, were given the opportunity first of purchasing 


these homes. It goes without saying that they were not going to | 


open these homes up to the general public unless there was some 
direct connection with their employment in the area in which the 
plant was located. Then for the AEC to adopt these proposals about 


the subletting of work, in many instances will result in the forced sale | 


of homes which the Government said these people must purchase ; the 
dislocation of present people and their families which would make 
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one think of the eviction of the thousands of persons driven out of 
their homes and places of livelihood under the worst conditions in 
Europe. 

Chairman Anperson. You have used this phrase a few times about 
the AEC compelling the purchase by the employees of these homes. 

Mr. Browntow. When I say compelling, Senator, as I understand 
it—I think it was within what actually happened—AKC said that 
the homes that were rented to their employees would have to be sold. 
They gave the occupant of the home who was their employee, or 
employed i in some relative position such as a storekeeper or something 
in the area, the first opportunity of purchasing these homes, meaning 
in a sense that they didn’t have much choice. You either buy or we 
are going to sell to someone else, which would mean, of course, if 
they were not going to rent any of them, the person that then was 
occupying them under a rent proposition was just out of a place to 
live. 

So the natural result would be that he would buy the home if for 
no other reason than to protect his job. 

Might [ further add at this time, why this idea of contracting out 
is suddenly being emphasized so muc h. I can only refer to this order 
of the Bureau of the Budget, this 60-2, a copy of which I have here. 
I think it was signed by Mr. Stans, which would indicate that is 
now becoming Government policy. 

Again I want to make the position of myself and my organization 
clear. 

We stand now and always have, definitely in favor of the free com- 
petitive enterprise system. However, we think there are also cer- 
tain responsibilities which go along with that. We think that this 
procedure which is being followed by the Government at the pres- 
ent time not only in AEC but also the General Services Admin- 
istration and the Armed Forces is clearly a violation of their obliga- 
tion to their employees. 

These facts demand the consideration of AEC in advance of con- 
tracting out any of the regular work of its installations. 

Protests to AEC and to its oper: ating contractors have proved of 
no avail in these circumstances. There is little, if any, real concern 


evidenced in the equity rights of the workers adversely affected by 
such farming out of work. 


We are told by AEC that it 

* * * is obligated to assure that its operations are conducted as economical- 
ly as possible, consistent with operating requirements ; 
that. it— 
has an obligation to conduct its activities in a manner consistent with general 
Government contracting policies ; 
that, therefore 


it is the duty and policy of the AEC 


to procure supplies and services on a fixed- 
price basis whenever feasible. 


Sometimes we find that the farming-out threat is used as a most 
effective device to freeze wage rates. 

Take, for example, at Oak Ridge in contract negotiations during 
September 1958, our bargaining committee was oftici: ally notified that, 
at the request of AEC, the cafeteria and kitchen operations serv- 
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ing both the X-10 and the Y-12 plants would no longer be oper- 
ated by Union Carbide Nuclear Co. after October 14, 1958, when the 
collective bargaining agreement would expire. The company backed 
up its formal statement by discharge notices to the cafeteria and kitch- 
en workers effective October 14. 

After futile efforts to get AEC to recognize its responsibilities to 
those workers, many of them female and with 15 or more years’ serv- 
ice and some approaching retirement age, the only way which could 
be found to save this work from being farmed out to a concessionaire 
was to agree to a freeze of all the cafeteria and kitchen workers’ 
wage rates for the ensuing 2-year contract period. 

This was done with the consent of the workers involved in order 
to save their jobs and preserve their rights as Union Carbide Nuclear 
Co. employees. 

The question may be forming in the committee’s mind what is the 
metal trades department of metal trades organization concerned 
about laundry workers or cafeteria workers. But you will recall we 
have not been able to carve units out so we could not distinguish 
between one group of employees or another. 

If we were going to represent any group of employees we had to 
be certified to represent them all. 

What a sorry day—when an agency of our U.S. Government and 
its operating contractor use the farming-out device to chisel a group 
of workers out of their rights to any wage adjustments which might 
be obtained for 2 years. 

Our cause for alarm is increased by recent developments. The 
Bureau of the Budget, Executive Office of the President, last Septem- 
ber issued an instruction to all Government agencies, known as Budget 
Bulletin 60-2. 

This bulletin, emphasizing the administration’s desire to have all 
possible work contracted out to private industry, has served to accel- 
erate the contracting-out problem which we face in trying to protect 
and preserve the job security and working conditions of the produc- 
tion and maintenance workers manning the basic AEC installations. 

Seizing upon the policy expressed in Budget Bulletin 60-2, we 
know that the Chamber of Commerce of the United States, the Na- 
tional Association of Manufacturers and the Manufacturing Chemists’ 
Association, for example, have all made specific and detailed requests 
of the AEC for release of additional work from its installations which 
these groups claim should be contracted out and performed by private 
industry, even to the ridiculous extent of insisting that contractors 
subcontract this work to others. 

The AEC released to the press on February 12 the comprehensive 
response which it sent to these three groups under date of February 
10 and in which it responded to the specific examples which these 
groups had set forth of the activities being carried on at the Govern- 
ment-owned plants and which they believed should be contracted out 
to private industrial establishments. 

From the published response of AEC, we can gage the nature of the 
requests made by these association groups. 

They would have the AEC purchase from private industry a wide 
variety of materials which it presently is producing and using at 
its installations. The extent to which these employer groups have 
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gone in their demands for this work make it clear that if they should 
even fractionally succeed, it would be a calamity of major propor- 
tions to the workers in our bargaining units at the atomic installations 
whose customary and regular duties have included the performance 
of these tasks and the production of these internally required products 
used by AEC. 

I will not dwell in detail on the nature of the requests of these em- 
ployer groups or the responses of AEC to each such request in its pub- 
lished reply. Suffice it to say that in no instance could we find in 
the response of the Atomic Energy Commisison any indication of 
an expression of the Commission’s responsibility to the workers em- 
ployed at its installations and whose efforts have contributed so ma- 
terially to bringing our atomic energy program to the point of ad- 
vancement which it has reached today. 

It is inconceivable to us to understand how the Government can 
hope to maintain the high level of morale and employee cooperation 
at its prime installations if it continues with its contracting-out 
practices. 

In so doing the U.S. Government through its Atomic Energy 
Commission is showing a dangerous disregard for the certified bar- 
gaining wnits which the workers in these installations have obtained 
through U.S. Government NLRB elections and under which they 
have, through their chosen representatives, negotiated their working 
agreements. 

Certainly the small financial savings which theoretically might 
accrue to AEC by farming out certain integral segments of its prime 
installation work are more than offset by the substantial losses which 
will be experienced through the impact of such shortsighted policies 
on the morale of the basic work forces at these installations and the 
losses in skilled workers which are bound to occur as it becomes more 
apparent that the AEC has no proper regard for the job security 
and the preservation of employment conditions established through 
collective bargaining at its projects. 

It is the firm position of the metal trades department that the 
Government of the United States, through its Atomic Energy Com- 
mission, should not directly or indirectly authorize or allow the con- 
tracting or subcontracting of work which normally has been performed 
by its operating contractors at its Government-owned installations to 
subcontractors or other contractors unless such contractors specifically 
assure the Government: 

First, that they will retain the same employees as have been per- 
forming such work; 

Second, that they will maintain the same conditions, benefits, and 
privileges in all respects that such employees have been enjoying; 
and, 

Third, that they will agree to not less than the collective bargaining 
relationships with the employees’ chosen labor organization in the 
saine manner as though they were a successor contractor or successor 
employer and will assume all the obligations of such successorship. 

Even if all such assurances could be guaranteed, it would still be 
essential that such employees be protected against the possibility of 
such subcontractor canceling out and thus slipping away from the 
responsibilities to these workers. 
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Therefore, it would be necessary that, in addition, some suitable 
guarantee should be made by both the Atomic Energy Commission 
and the prime contractor that, should the subcontractor cancel out 
after he has been granted such work, adequate safeguards exist to 
assure the protection of all of the rights of the workers involved. 

We would urge that the Joint Committee on Atomic Energy direct 
its attention promptly to this phase of AEC functioning and the un- 
favorable effects of the same on the workers manning these installa- 
tions and who are vital to the forward march of our atomic energy 
program. 

If the Joint Committee does not succeed in obtaining firm assurances 
from the Atomic Energy Commission on this important phase of its 
functioning, then we believe that appropriate legislation should be in- 
troduced. 

The metal trades department will be happy to cooperate in all pos- 
sible ways with the committee in this regard and we indeed appreciate 
your kindness in giving us this opportunity to bring this practice to 
your attention. 

Thank you. 

Chairman ANnperson. Mr. Brownlow, have you had any correspond- 
ence with the Atomic Energy Commission about this? 

Mr. Browniow. Yes. 

Chairman Anperson. Would you mind at some later date supply- 
ing us with some of that correspondence so we can know where to 
start on it ? 

Mr. Brown tow. I would be most happy to. 

As a matter of fact, I am sure that Senator Jackson and Senator 
Magnuson from the State of Washington have also had considerable 
correspondence with the Commission over the Hanford incident. 

Chairman Anperson. I know that. 

I was going to suggest to you that you give us some copies of it in 
the committee. 

From reading your paper, it might sound as if this applied only to 
janitorial workers, cafeteria workers, and people employed in the 
laundry. Do you not think this goes far beyond that? 

Mr. Browntow. It does by all means. 

Chairman ANperson. For instance, we had a discussion the other 
day about some things that happened in one laboratory that might be 
transferred to a private industry, under the chamber of commerce 
recommendation and the manufacturers association recommendation. 
Would that not have some influence on some of these people who had 
rights? 

Mr. Browniow. That is right, it would have. 

As a matter of fact, this may sound like an exaggeration but if they 
went as far as the recommendations of the U.S. Chamber of Com- 
merce, many of your atomic installations as presently constituted 
would merely be “farming out agencies” and none of the work would 
be performed and that is that. These people would be deprived of 
their jobs. 

Chairman Anperson. I have felt that same way about it. 

Are there questions. 
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Representative Durnam. Mr. Brownlow, I notice you give a rather 
long history of the operations. I suppose the union operates in all of 
these installations that you mentioned. 

Mr. Browntow. Yes. 

Represenative Durnam. Could you give us an estimate of the num- 
ber of people that would be involved “under the complaint ? 

Mr. Browniow. As nearly, Mr. Durham, as I can reeall, at the 
last report to the metal trades department convention which I made, 
I said that there were some 60,000 employees eligible or at least those 
that were considered eligible for organization under both NLRB and 
AEC standards, of which we represent some 40,000. 

Representative Durnam. At the present time you actively represent 
40,000: is that correct ? 

Mr. Brownvow. That is right. 

Representative DurHAm. You just point out on here where you had 
the trouble, and it does not give a very clear picture as to how much 
the overall impact is on the whole organization. 

Mr. Brownvow. I have a large list of figures here, Mr. Durham. 

Representative Durnam. You can supply them for the record. It 
is not necessary to go into detail. 

Mr. Browntow. I would be most happy to send them over. 

Representative Duruam. I think it would be helpful to the com- 
mittee in trying to assess the real problem involved. 

Mr. Browniow. There isa real problem involved, sir. 

Chairman Anperson. Will vou do that, Mr. Brownlow, and fur- 
nish to the committee for its files such material as you have there? 

Mr. Browniow. Yes, sir. 

Chairman Anperson. Of course, the number of people who would 
be disturbed would depend to a degree on how rapidly the Commis- 
sion put into effect this farming-out ‘policy. 

Mr. Browntow. Yes. 

(The material refered to above is on file with the Joint Committee. ) 

Chairman Anperson. Mr. Bates. 

Representative Barres. I would like to ask Mr. Brownlow, Does 
the AFL-CIO as a whole support the policy you enunciated here? 

Mr. Browntow. We discussed the matter before the last meeting of 
the executive council of the metal trades department. Sitting on the 
council were several members of the building and construction trades 
department executive council, and they are in complete concurrence. 

I have never taken the matter up with the convention of the AFL- 
ClO as such. 

Representative Barres. The reason I ask that question is this: We 
have had a lot of experience in Congress with this particular prob- 
lem. Certainly we have in Boston. 

Mr. Brownvow. I know that. 

Representative Barres. Or the paint shop in Norfolk or the various 
laundries operated by the post exchanges. You get into the situation 
where the people who have the jobs want to continue the jobs. Out- 
side you have union employees working for paint companies, work- 
ing for Plymouth Cordage Co. in Ply mouth, Mass. They are union 
members. They take the « opposite position from what you have indi- 

cated, because they want to retain the jobs which they have had, the 
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seniority which they have built up, and they believe what you advo- 
cate isa Government subsidy. 

That is the reason I asked the question. You have different union 
people taking different positions. 

Mr. BrowN iow. There is some difference, Mr. Bates. 

General Services Administration, for instance, is compelled to let 
to the lowest bidder. Consequently, if they take a function out of 
the Navy, Ordnance, or AEC and put it up for public bid and a low 
bidder who is considered a responsible bidder, regardless of his labor 
relations policy, they are compelled to give him that contract. 

Candidly, many of our unions are adopting a rather shortsighted 
policy in that respect. I would be the last to, as I said before, to 
advocate to the Government any policy which would make it a strictly 
Government operation. These people have been certified for this 
work and certified by a Government agency. They have moved their 
families into these areas. 

One example, for instance, the suggestion was made that they were 
going to contract out the machine shop work from the Hanford 
plant. I do not know how far that got. It was to be to some firm 
in Chicago. 

We have no assurance that the firm in Chicago that would succeed 
in obtaining that contract would even meet the same conditions as the 
Hanford employees, but at the same time, if they put two or three 
hundred machinists out of work at Hanford, what are those machinists 
going to do? 

Representative Batrs. I want to point out that in the experience I 
have had with this particular problem, the reaction of the union mem- 
bers depends upon where they stood in a particular situation. 

If there was an opportunity for them to get jobs which were being 
are by a Government agency, then they are all for it, if it 

enefited them. 

Mr. Browniow. That is right, if it benefited them. 

Representative Bates. But the converse is true if the situation was 
the opposite. 

I just wondered how the AFL was going to reconcile this problem. 

Mr. Browniow. We won’t have too much trouble with it because 
bear in mind, Mr. Bates, these are contractors themselves. It isa little 
different than the defense operations. 

Representative Bares. There is a great deal of parallel there, too. 

It is the same problem you run into on imports. The AFL-CIO 
believe in a liberal free trade policy. But you get people in my neck 
of the woods who are going to lose their job, they do not go along with 
that. 

Mr. Browntow. Let me say they don’t believe in that free trade 
policy so much today as when there was not much coming in. 

Representative Bares. I wanted to find out if the AFL-CIO was in 
complete agreement with what you indicated, and you indicate they 
are at headquarters. 

Mr. Browntow. That is right. 

Chairman Anperson. Are there other questions? 

If not, thank you very much, Mr. Brownlow. 

Chairman Anperson. The next witness is Mr. Oliver Townsend, 
Office of Atomic Development, New York State. 
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STATEMENT OF OLIVER TOWNSEND, DIRECTOR OF ATOMIC 
DEVELOPMENT, STATE OF NEW YORK 


Chairman Anperson. We are very glad to welcome you back here, 
Mr. ‘Townsend. 

Mr. Townsenp. Thank you very much, Mr. Chairman. 

My name is Oliver Townsend; I am the director of the Office of 
Atomic Dev elopment of the State of New York. 

The purpose of this statement is to report to you the actions taken 
by New York State as a result of the passage in the last session of 
Congress, upon the unanimous recommendation of this committee, 
of the Federal-State cooperation amendment mainly constituting new 
section 274 of the Atomic Energy Act of 1954, as amended. 

You may recall that I testified in favor of this amendment before 
this committee last year, and that I stated at that time that New 
York State would undertake to negotiate an agreement with the 
Atomic Energy Commission under the amendment if it became law. 

The amendment was signed by the President on September 24, 
1959. On September 28, [ informed the general manager of the 
Atomic Energy Commission by letter that ‘the State of New York 
wished to proceed with the negotiation of an agreement with the 
Commission under which the State, as provided by the new amend- 
ment, would assume exclusive jurisdiction within the State over the 
possession and use of byproduct materials, source materials, and spe- 
cial nuclear materials in quantities not suflicient to form a critical 
mass. 

This letter proposed, as a first step, that the State and the Commis- 
sion enter into a preliminary agreement under which selected per- 
sonnel from the State would be assigned for indoctrination purposes 
to the Commission’s Division of Licensing and Regulation in Wash- 
ington, D.C., and to the Inspection Division of the Commission’s New 
York Operations Office. 

We proposed that this be accomplished under an arrangement 
whereby the State would pay the salaries of the personnel involved 
and the Commission would pay their travel and subsistence expenses. 

This financial arrangement was proposed by us pursuant to section 
274.1 of the amendment, which states in part that: 

** * any * * * assistance by the Commission shall take into account the 


additional expenses that may be incurred by a State as a consequence of the 
State’s entering into an agreement with the Commission * * *, 


Language such as this was initially proposed by New York State 
to this committee and we deeply appreciate the w eight which the com- 
mittee has attached to this suggestion as evidenced | by its inclusion in 
the law. ; 

The Commission ho de hy to our expression of interest by means 
of a letter dated October 12, 1959, from the acting director of the 
Division of Licensing and Regulation. This letter acknowledged our 
interest and stated that plans for implementing the new Federal- 
State cooperation amendment were being prepared and that the Com- 
mission would be in touch with us as soon as these plans had been 
completed. 

Meanwhile we in New York decided to proceed to prepare our- 
selves to enter into an agreement with the Commission at the earliest 
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practicable date, and with this end in view the State office of atomic 
development submitted certain specific = commendations for action 
to Governor Rockefeller on December 1, 1959. These recommenda 
tions were submitted to the Governor ith the unanimous concur- 
rence of both the State’s atomic energy coordinating council, consist - 
ing of the heads of the pr ine ipal agencies in the State concerned with 
atomic energy, and the State’s general advisory committee on atomic 
energy, consisting of 15 of the State's foremost experts in the atomic 
field from industry, labor, science, education, and the law. 

The Governor approved these recommendations and in turn has 
proposed appropriate implementing legislation to the New York 
Legislature, which is now in session. The Governor's proposals were 
three in number and were briefly as follows: 

First, that the Governor be expressly authorized by law to enter 
into the agreement with the Commission envisioned by section 274.b 
of the new Federal-State cooperation amendment ; 

Second, that the office of atomic development be expressly author- 
ized to enter into any preliminary agreement on behalf of the State 
that might be considered desirable under section 274.1 of the amend- 
ment; 

And third, that the State department of health be expressly au- 
thorized to license the possession and use of any materials within 
its jurisdiction covered by an agreement between the State and the 
Atomic Energy Commission. 

With regard to this last-named proposal, it should be borne in mind 
that there are in New York State three regulatory agencies primarily 
involved in the control of radiation within the State. These are 
the State department of labor, with jurisdiction in industrial faeili- 
ties all over the State: the State department of health, with jurisdic- 
tion outside of industrial facilities in all parts of the State with the 
exception of the city of New York, and the New York City Depart- 
ment of Health, with jurisdiction within the city but not including 
industrial facilities. 

Two of these agencies, the State department of labor and the New 
York City Department of Health, appear clearly already to possess 
licensing authority within their jurisdictions. There appears to be 
some ambiguity, however, under present law, as to the authority of 
the State department of health to regulate by means of a licensing 
system. 

We therefore have proposed legislation designed to remove this 
ambiguity and to put the State hon departme nt on a par with the 
State department of labor and the New York City Department of 
Health in the interest of removing any possible roadblock to our 
efforts to enter into an agreement at the earliest practicable date with 
the Atomic Energy Commission. 

The role of the State office of atomic development in these matters 
is to coordinate the activities of the three regulatory agencies within 
the State and to correlate these activities with those of the Federal 
Government with the objective of achieving uniformity with respect 
to codes, standards, and administrative proc edures. 

Bearing in mind that the New York State Legislature will remain 
in session only until the end of March, we on February 5, 1960, dis- 
patched a letter to the general manager of the Commission describing 
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the preparatory steps we are taking in New York and requesting an 
opinion from the Commission as to their adequacy. 

In response to this letter, I met informally with 3 Samer of 
the Commission’s Office of Health and Safety and Office of the Gen- 
eral Counsel on February 10, and, as a result of this meeting, feel con- 
fident that New York State will be legally prepared to enter into an 
agreement with the Commission as soon as one can be negotiated. 

We are now, along with other States, awaiting publication of the 
Commission’s criteria establishing eligibility for an agreement, and, 
assuming that these criteria are acceptable to us, plan to proceed into 
the negotiation phase with vigor and purpose. 

We in New York are interested in enter ing into one of these newly 
authorized agreements with the Atomic Energy Commission for sev- 
eral reasons : 

First,we believe that increased regulatory activity and authority by 
the States serves the purpose of normalizing the atomie industry and 
making it more like other industries so that it is not always both 
literally and figuratively a Federal case. This in turn we believe 
serves to imbed atomic energy more deeply into the governmental and 
industrial roots of the United States and thereby helps to encourage 
and perpetuate progress to the benefit both of the States involved and 
the cause of atomic energy generally. 

Second, we believe that increased activ ity and responsibility on the 
part of States serves to educate States about atomic energy and bring 
additional competent judgments to bear on the important problems of 
health and safety in the overall public interest. 

Third, we are inclined to doubt that as atomic energy becomes in- 
creasingly ubiquitous the Federal Government can continue to stretch 
itself widely enough to keep all aspects of atomic energy under ade- 
quate control. As time passes it seems to us that the Federal Govern- 
ment must constantly and gradually contract its area of responsibility 
to the more esoteric and pioneering aspects of atomic activity or run 
the risk of a deterioration in the effectiveness of health and safety 
controls. 

And, fourth, we in New York want to help the development of an 
atomic industry within the State, and we think that this is easier to ac- 
complish if the State has the stature and authority that goes with some 
measure of control. 

With regard to this matter of development, our office has arrived at 
certain objectives with the concurrence and assistance of our advisory 
committee and coordinating council. These are primarily as follows: 

One, that there exists within the State a definite plan for the con- 
struction of an atomic powerplant in addition to the plant now being 
built by the Consolidated Edison Co. at Indian Point. 

Two, that there be constructed within the State a plant for the 
reprocessing of irradiated nuclear fuels and the recovery therefrom 
of valuable unused fuel and by products. 

Three, that there be established within the State a site for the 
storage and disposal of radioactive byproducts and wastes. 

Four, that there be constructed within the State a high flux, high- 
powered materials test reactor to serve the Knolls Atomic Power 
Laboratory as well as other Government installations and fuel ele- 
ment fabricators in the northeast. 
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Five, that there be located within the State at least one port facility 
for the transshipment of irradiated fuel elements and the servicing 
of nuclear-powered vessels. 

And six, that the State undertake an industrial education program 
to increase the utilization of radioisotopes by the State’s industry. 

We also plan in New York State to establish and maintain a 
directory of radiation experts and a catalog of radiation equipment 
which will be placed in the hands of all local police and fire officials 
for use by them in the event of an accident believed to involve 
radioactive materials. 

With respect to a possible agreement under the new Federal-State 
cooperation amendment, we are now awaiting action by the New 
York State Legislature on the Governor’s implementing proposals 
and publication of the Atomic Energy Commission’s criteria. 

Our hope and expectation is that at the atomic energy hearings held 
by this committee a year from now we will be able to report the exist- 
ence of such an agreement between the State of New York and the 
Commission. 

Chairman Anperson. Thank you, Mr. Townsend. 

Let me turn now to page 5 of your statement : 

“First, we believe that increased regulatory activity and authority 
by the States serves a purpose,” and so forth. 

At the present time, most of the regulatory activities are in the 
hands of the Federal Government. 

Mr. Townsenp. That is right. 

Chairman Anperson. For example, we are having some discussion 
about the site of a reactor. Do you believe that the power to decide 
on sites should pass eventually to the States ? 

Mr. Townsenp. I think that there should be probably an interim 
period where both the State and the Federal Government has a voice 
in regard to site and after the passage of some time, while this plan 
were in effect, then it could be considered whether or not maybe 
States are not ready to take that on. 

Last vear we suggested in the hearings that Mr. Holifield had on the 
Federal-State cooperation amendment that there be included within it 
language which would give the State the authority to approve the 
site of a proposed facility before the application for license to the 
Atomic Energy Commission was considered by the Commission. That 
was not included in the law. 

Chairman Anprrson. I know, because you have some problems. 
You take the Northern States powerplant, their building is just across 
the line in South Dakota, but the people who worry about it are the 
people from Minnesota. 

Do you think that the people of South Dakota, which is the mere 
location of the plant, should have the final word or the people in 
Minnesota who might be exposed by some radioactive incident? 

Mr. Townsenp. I think as time passes it will be possible to nego- 
tiate and arrive at interstate compacts on matters of this sort. 

Chairman Anperson. When you get to an interstate compact, that 
has to come back to the Congress for approval so you get the Fed- 
eral Government back into it again ? 

Mr. Townsenp. In regard to the approval of the compact, yes. 
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Chairman Anperson. At the top of page 6 you say that— 


it seems to us that the Federal Government must constantly and gradually 
contract its area of responsibility. 


You think eventually that this is an operation that will pass more to 
the hands of the States. 

Do you believe that there is a difference in the size and capacity of 
the States ¢ 

Mr. Townsenp. Yes. 

Chairman Anprerson. For instance, the State of Nevada has quite 
a bit of activity, but it may have very little money to police this work, 
whereas the State of New York might have quite a little. 

Mr. Townsenp. The procedure followed by the amendment passed 
last year, I think accommodates that very well. It provides for nego- 
tiated agreements with individual States. 

For example, if about a half-dozen States under the new amend- 
ment were to negotiate agreements with the Atomic Energy Commis- 
sion, it would take probably 50 percent of their radioisotope regula- 
tory load off their shoulders. 

In States where they obviously are not prepared to do this, the 
Federal Government hangs on to that authority until they are pre- 
pared. 

Chairman Anperson. Farther down on page 6, you start off with 
some objectives and you say— 
one, that there exists within the State a definite plan for the construction of 
an atomic powerplant in addition to the plant now being built by the Consoli- 
dated Edison Co, at Indian Point. 

There was a news article in the New York Times that indicated 
that Mr. Moses of the New York State Power Authority would like 
to participate in atomic power development and construct and oper- 
ate atomic powerplants. Were you familiar with that ? 

Mr. Townsenp. I am familar with that. 

It seems to me in New York there are three possibilities for one 
or more additional atomic powerplants, and probably the most im- 
mediate is the city of Jamestown, which has an application before 
the Atomic Energy Commission now for a so-called second round 
plant of 16,500 kilowatts capacity. 

The site that has been selected for that plant, if Jamestown is 
approved by the Atomic Energy Commission, exists on land that is 
set aside for a park and legislation was required in order to make it 
available for power purposes. 

Just before I came here I received word from Albany that that 
legislation has passed the State legislature and therefore, if James- 
town is selected, that site is now available or will be available to the 
Commission for the second round plant. That is one possibility for 
aplant in New York. 

Another possibility is that one or more private utilities will pick 
this up—this kind of thing. 

There has recently been organized within New York State a seven- 
utility group to study new technologies, including particularly atomic 
energy, and this group seems to be rather well organized to take on 
a powerplant project if it decided to do so. Sol would think this is 
a possibility. 
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The third possibility is the New York State Power Authority, 
Which has suggested that it have its legislation revised to permit it 
to build an atomic powerplant if it decided to do so. It presently 
funetions under a law which limits its activity to hydrodevelopment. 

Chairman Anprerson. Was not that request turned down by the 
Rockefeller administration ? 

Mr. Townsrnp. This request has not been acted on. 

Our office made no recommendation on that in our report to the 
Governor. Our theory was that there are a number of questions that 
have to be answered before you address yourself to the problem of 
atomic power there. 

The first question is, do you need backup power for the hydro? 
This would be the rationale for a thermal plant. 

It was our feeling that discussion of this question could be carried 
on at some length without ever mentioning the phrase atomic energy. 

Then the next question was, if backup power is required, should it 
be generated by the power authority or should they purchase it / 

This again is a question that can be discussed at some length be- 
fore you mention atomic energy. It is only if those two questions 
are answered in the affirmative that the question of whether or not 
it is atomic or coal or oil or something else is raised, and it is at that 
point that our oflice, together with our advisory committee and our 
coordinating council appropriately should enter the picture, we think. 

Chairman Nperson. I notice in the Times for last January 5 an 
article that starts off : 

A task force named by Governor Rockefeller last June to study the State’s 
power needs and resources has recommended joint development of nuclear power 
by private utility systems. Headed by Vice President John E. Burton, of Cornell 
University, former chairman of the State authority, the seven-man committee 
filed its report with the Governor today. 

It urged that private utilities conduct research, and so forth? 

Has there been a new private syndicate established ? 

Mr. Tow ~ np. There is a new seven-utility group established in 
New York State and chairman of the group is Mr. Beebe, who is 
now retired and was chairman of the Rochester Gas & Electric Co. 
This group has announced that it plans to do feasibility studies on 
atomic power. It has not announced any intention to build the plant. 

Chairman Anperson. Do you know the members of the syndicate?! 

Mr. Townsenp. They are the seven utilities of New York State. 
I could provide the names if you like. 

(A letter dated March 1, 1960, from Mr. Townsend, together with 
the advisory committee recommendations, and a oe from 
Governor Rockefeller to the State legislature, follow : 

STATE OF NEW YORK, 
EXECUTIVE DEPARTMENT, 
OFFICE OF ATOMIC DEVELOPMEN ry 
Albany, N.Y., March 1, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, Congress of the United States, 
Washington, D.C. 

DEAR SENATOR ANDERSON: During my testimony before the Joint Committee 
on February 24 I stated that I would provide to you the names of the companies 
which are members of the new seven-company New York State utility group, 


called the Empire State Utilities Power Resources Associates, which has been 
organized to complete a State power pool grid system and to develop an atomic 
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power program. These companies, together with the names of the individuals 
representing them on the group’s executive committee, are as follows: 
Consolidated Edison Co. of New York: Charles Eble, president. 
Niagara Mohawk Power Corp.: Earle J. Machold, president. 
Long Island Lighting Co.: Kk. W. Doebler, chairman of the board. 
New York State Electric & Gas Corp.: Joseph M. Bell, Jr., president. 
Rochester Gas & Electric Corp.: Robert E. Ginna, chairman of the Board. 
Central Hudson Gas & Electric Corp.: Ernest R. Acker, president and 
zeneral manzger. 


Orange & Rockland Utilities, Inc.: Charles L. Hulfswit, president. 


The executive director of the group is Mr. Alexander M. Beebee, former presi- 

dent and chairman of the board of Rochester Gas & Electric Corp.; the chair- 

' man of the power grid program is Howard Harrington of the Niagara Mohawk 

Power Corp., and the chairman of the atomic power study is John R. Dunning, 
dean of engineering of Columbia University. 

Because of later references in the hearings to New York State’s atomic devel- 
opmental program, which were made by others following my testimony, I 
would also like to take this Opportunity to transmit to you for inclusion in the 
record a copy of the eight specific recommendations the State office of atomic 
development made to Governor Rockefeller last December, together with a copy 
of the Governor's memorandum to the legislature proposing implementing actions 
| with respect to certain of the recommendations. 
| deeply appreciate the cordial manner in which I was received by the com- 
| mittee on February 24 and we shall be pleased to provide you with any further 

information concerning our activities that you may desire. 
Sincerely yours, 


OLIVER TOWNSEND, Director. 
SPECIFIC RECOMMENDATIONS 


' l. That the State government contribute to the costs of research and develop- 
ment leading directly and specifically toward the construction within the 
State of (a) preferably a full-scale atomic powerplant which will give reasonable 
promise of being economically competitive, except for research and development 
costs, On an averaged annual basis over its useful life with conventionally 
fueled powerplants in the same geographical area, or (b) a prototype atomic 
powerplant which would lead directly toward the construction of an economically 
competitive full-scale atomic powerplant of the same type. The powerplant, 
whether full-scale or prototype, would be of a type selected by its sponsoring 
utility or utilities. It would be either part of an anticipated new national 
program, or deemed by the State and sponsoring utility or utilities to be more 
suitable for New York State than any project in the national program, or deemed 
) by the State and sponsoring utilities to be suitable for New York State i nthe 
» absence of a national program. The cost contributed by the State would be at 
least imatched by the sponsoring utility or utilities, some of which might be 
located outside of the State, and not paid until completion of the plant. When 
) completed, the plant would be available to the higher educational institutions in 
the State to the maximum extent possible for training purposes, and all infor- 
mation produced by research and development work carried on with State funds 
would be readily available to the people, including the industries and educational 
institutions, in the State. 

2. That the State government locate within the State one or more sites at 
Which radioactive byproducts and wastes produced by industrial, medical, agri- 
cultural, and scientific organizations could be concentrated and stored in a 
anher consistent with the public health and safety. It would be understood 
that such a site, if found, would be acquired by either the Federal or State 
) Government and that it would be located in as close proximity as possible to a 

suitable site for a uranium fuel recovery and reprocessing plant. 
» 5. That the State government locate within the State one or more sites at 
Which a high-powered nuclear materials test reactor could be constructed and 


operated in a manner consistent with the public health and safety. It 
be understood that, if the construction of such 
I 


would 
a project were not undertaken 
YY private industry, the State would acquire such a site and make it available 
0 the Federal Government provided that the cost of the site is not excessive. 
that the Federal Government agrees to utilize the site for the purpose intended, 
ind that the Federal Government fails to acquire the site itself. 
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4. That the State government locate within the State one or more port facilities 
capable of handling the fueling and servicing of atomic-propelled vessels and 
the shipping of used uranium fuel in a manner consistent with the public health 
and safety. 

5. That the State in the next few years enter into one or more arrangements 
with educational institutions under which the State would provide a total of 
up to $1 million of assistance not otherwise available on no more than a matching 
basis in the establishment of one or more nuclear facilities, designed primarily 
for training purposes, in an area outside of the area served for training pur- 
poses by the Western New York Nuclear Research Center in Buffalo or the 
Brookhaven National Laboratory at Upton, Long Island. 

6. That the Governor be expressly authorized by statute to enter into an 
agreement or agreements on behalf of the State wth the Atomic Energy Com- 
mission whereby the Federal Government will discontinue, and the State would 
assume, regulatory authority with respect to atomic energy activities relating 
to byproduct materials, source materials, and special nuclear materials in 
quantities not sufficient to form a critical mass within the State now or hereafter 
regulated by the Federal Government. 

7. That the State department of health be expressly authorized by statute 
to license the use of atomic energy materials covered by any agreement entered 
into between the Governor of the State and the Atomic Energy Commission. 

8. That the office of atomic development be expressly authorized by statute 
to prepare, maintain currently and distribute within the State for use in the 
event of an accident, fire, or disaster believed to involve radioactive materials, 
a roster of qualified radiation experts and a list of the type and location of useful 
instruments and other specialized equipment within the State, and to cooperate 
with the Federal Government and State civil defense commission in establishing 
training programs relating to handling such accidents, fires or disasters. 


MEMORANDUM BY THE GOVERNOR 
DECEMBER 3, 1959. 
To the Leaders of the Legislature: 
The year 1959 has marked for New York State the beginning of a coordinated 
program of State action in the development and use of atomic energy for peace 


ful purposes. Legislation enacted at the 1959 session recognized that atomic | 


energy is a matter of important concern to the economic growth and the health 
and safety of the people of the State. 

New York has been the leader in the medical uses of atomic energy. It has, 
however, lagged with respect to the development of atomic industry. The spe 
cific steps taken in 1959 point toward placing New York in a position of genuine 
leadership in atomic matters. These steps include: 

1. Enactment of a State atomic energy law creating the office of atomic 
development ; 


2. Initiation of the Western New York Nuclear Research Center and ne- | 


gotiation of a contract between the State and the University of Buffalo 
for the construction of the center ; 


3. Completion of a definitive study by the office of atomic development 


identifying economically sound atomic projects for location in New York; 
4. Initiation of discussions between the State and the U.S. Atomic Energy 
Commission looking to the development of an agreement under which the 
State would assume regulatory authority of certain atomic energy activities; 
5. Initiation of a systematic review of all rules, regulations, and ordi- 
nances pertaining to atomic energy within the State. 

It is noteworthy that the act creating the office of atomic development antici- 
pated the action taken by the Federal Government in September of this year 
when it authorized the transfer of regulatory control of certain atomic energy 
activities from the Atomic Energy Commission to qualified States. Through its 
forward-looking atomic energy program New York now stands prepared to as 
sume such regulatory control. 

When the State atomic energy law was enacted early in 1959, it was recog- 
nized that all the specific steps to encourage atomic development could not be 
taken in that initial legislation. The time is now at hand to strengthen the 
State’s activity with respect to atomic enegy. A well-conceived program for 
1960 has been developed based upon the comprehensive report of the office of 
atomic development. I am submitting for your consideration a copy of this 
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a report with this memorandum. I have found the report of great value in under- 
ilth standing the difficult and technical problems associated with atomic development. 
| The report can and should be implemented by legislation at the 1960 session. 
onts Such legislation would focus on three major areas: public health and safety with 


1 of respect to nuclear materials, development of atomic industry in New York 
ring and cooperation with the Federal Government in the regulation of atomic 
rily energy. 

pur- 1. Public health and safety with respect to nuclear materials 


the Atomic industry can be and must be safe industry. As the report of the Office 
of Atomic Development points out the peaceful development of atomic energy 


= can be among the safest of human endeavors. Risks associated with the peace- 
om- |} ful development of atomic energy cannot, however, be ignored. These risks can 
ould be effectively controlled by careful planning. Such planning should take into 
ting account that the hazards of radio-activity may not be so great in themselves as 
m in the possibility that they be misunderstood and thus not handled in the 


proper Inanner, 
I am proposing legislation to direct the Office of Atomic Development to co- 
ae operate with the Federal Government, the State Civil Defense Commission and 
ter appropriate agencies of State and local government, including our fire and police 


a. organizations in establishing training programs relating to the handling of 
atute accidents, fires, or disasters believed to involve radioactive materials. 
1 the | In order to be further prepared to cope promptly and effectively with any 
rials, accident which might involve radioactive materials, I am also recommending 
seful | legislation which would direct the Office of Atomic Development to prepare and 
erate | maintain a roster of persons within the State qualified in the detection and 
shing | handling of radiation hazards and a list of the type and location of technical 
equipment which could be of use in connection with any such accident. The 
roster and list would be distributed throughout the State, available to all agen- 
cies of government concerned with the public health and safety. 
These two measures would provide important steps in discharging the State’s 
9. | continuing responsibility for the public health and safety as we move into the 
| atomic era. 
anal 2. Development of atomic industry in New York 


‘tomie The creation of jobs through economic expansion requires forward Sp 
nealth | Policies to seize opportunities springing from nuclear developments. New York, 
as a highly industrialized, highly populated State, can, through careful plan- 

‘t has, | Ding, benefit to the maximum extent for the exploitation of atomic energy. 
e spe Such planning is being carried forward by the Office of Atomic Development, 
snuine | Which in its immediate recommendations recognizes that the proper role of the 
State is to act as a catalytic agent to provide incentives for atomic develop- 
atomie | Ment within the State. 
| To implement these recommendations. I am submitting proposed legislation 
nd ne which would direct the Office of Atomic Development to locate within the State, 
suffalo | With due regard for the public health and safety : 

(a) sites at which radioactive byproducts could be concentrated and 


ypment stored ; : 

York; (b) sites at which an atomic test reactor could be constructed and 
Energy operated ; and ais : ; i 
‘ch the | (c) port facilities capable of handling the fueling and servicing of atomic 
‘vities; propelled vessels and the shipping of used uranium fuel. 


d ordi- |. (a) Storage sites for radioactive byproducts.—The use of atomic fuels results 
' in the creation of radioactive waste materials which must be safely disposed of. 
antici- | Atomic industry will be attracted to those areas which provide safe and con- 
is year | | Yenient sites for the disposal of such waste materials. The early identification 
energy | / of such sites is necessary, not only as a health and safety measure, but because 
ugh its i) their existence would serve to encourage the growth of atomic industry within 
i to as | the State. It is contemplated that such sites, when located, would be acquired 
mn tither by the State or Federal Government. 
; recog: | (b) Sites for an atomic test reactor—Nuclear test reactors are high- powered 
not be Teactors which do not generate electricity or propel ships, but which are used to 
hen the develop and test the fuel elements that will be used in future power and propul- 
<n: sion reactors. Such test reactors are vital to the development of the fuel ele- 
office of | Ments that will feed the atomic powerplants and ship propulsion units of the 
of this future. No nuclear test reactor exists in the Northeast, despite the fact that 
host of the potential users of such a reactor are located in this area of the coun- 
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try. The existence of such a reactor should substantially stimulate atomie 
industrial development within the State. The identification of a suitable site 
in New York for such a reactor is, however, a prerequisite to its construction by 
private industry or the Federal Government. 

(c) Port facilities for the atomic era.—In order to preserve New York's pre- 
eminence in the maritime commerce, it is vital to plan for the atomic fleets of 
the future. Now is the time to determine the feasibility of locating within the 
State safe port facilities capable of handling the fueling and servicing of nuclear 
ships as well as the shipment of used uranium fuel entering or leaving the 
State by sea. 

These three measures would constitute significant steps toward improving the 
climate for atomic development within the State. I recommend them for your 
favorable action. 

3. Cooperation with the Federal Government with respect to regulation of atomie 
energy 

The Federal Government recognizes the soundness of State control over some 
of the peaceful uses of atomic energy. In September 1959, the Congress estab- 
lished procedures for the discontinuance of the Atomic Energy Commission's 
regulatory authority with respect to radioisotopes, natural uranium and thorium, 
and small quantities of fissionable’ materials and for the assumption of this 
authority by the States. The Atomic Energy Commission was authorized to 
enter into agreements with any State for the transfer of such regulatory 
authority from the Commission to the State, and to provide for the performance 
of inspections or other functions on a cooperative basis. 

The State should assure that the dynamic forces of private industry are put 
to work to bring the benetits of the atomic age to its people. Hand in hand with 
this new role of the State in atomic matters must go the development of State 
regulations designed to protect fully the health and safety of the individual 
citizen. 

In order to provide for such State regulation, I recommend legislation : 

(a) authorizing the Governor, on behalf of the State, to enter into an 
agreement or agreements with the Federal Government whereby the State 
would assume regulatory authority over atomic byproduct materials, source 
materials and special nuclear materials in quantities not sufficient to form 
a critical mass; 

(b) authorizing the office of atomic development, with the approval of the 
Governor, to enter into agreements With the Federal Government under 
which the State will perform on a cooperative basis with the Federal Gov- 
ernment inspections or other functions with respect to atomic energy 
activities within the State, and 

(¢c) authorizing the State department of health to license the use of 
atomic energy materials. 

Such express authority will permit the State to assume appropriate regulatory 
control over matters relating to atomic energy and effectively to protect the 
health and safety of the people. 

The legislative proposals which I have outlined, do not embody two of the 
recommendations made by the office of atomic development in its report. These 
matters are under continuing consideration. One relates to the development of 
an additional atomie power plant within the State. The other relates to the 
establishment of additional nuclear facilities for training purposes at educational 
institutions. The question of atomic power generation should appropriately 
await the imminent report of the Governor’s committee on power resources. The 
establishment of additional nuclear facilities at educational institutions should 
be considered in the light of the work presently going forward for the Western 
New York Nuclear Research Center. 


Conclusion 

The measures which I have outlined are embodied in two proposed bills which 
I am submitting to you with this memorandum with the request that they be 
prefiled. The enactment of this legislation would advance the position of New 
York toward leadership in the field of atomic energy by furthering the public 
health and safety with respect to nuclear materials, by stimulating atomic in- 
dustry within the State, and by authorizing the State to assume regulatory 
control over various aspects of atomic development that touch upon the well- 


being of the citizens of the State. 
(Signed) Netson A. ROCKEFELLER. 
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Chairman ANnperson. What did your advisory committee recom- 
mend as to the participation of the New York Power Authority in 
the atomic power development ? 

Mr. Townsenpb. Our committee said that we thought that the public 
policy question of whether or not the authority should generate power 
from any source other than hydro should be answered before we ad- 
dressed ourselves to the problem of whether it should be coal or atomic. 

One member of the committee, General Farrell, a consultant to the 
New York State Power Authority, submitted a separate opinion on 
that, recommending that the committee and our office recommend to 
the Governor that the power authority have permissive legislation, 
permitting it to build an atomic powerplant if it later on decides to 
do that. 

We did not make that recommendation. 

Chairman Anperson. He said it is recommended that the report on 
atomic power include a recommendation for permissive State legis- 
lation authorizing the power authority to build and operate nuclear 
powerplants. 

Mr. Townsenp. That is what he suggested. 

Chairman ANnperson. Was he the only member of the committee 
that so recommended ¢ 

Mr. Townsenp. That is right. 

Chairman Anperson. I hope you continue to keep the committee 
informed as to the operations there. I think it is an extremely im- 
portant venture that you folks are in. 

You recommend here that there be established within the State a 
site for the storage and disposal of radioactive byproducts and waste. 
Are you ready to receive it from all the other 49 States ¢ 

The problem is to decide what to do with this. 

Mr. Townsenp. There are two requirements, I think, for waste dis- 
posal sites now in this country. One is the so-called low-level require- 
ment. This is the regional program of the Atomic Energy Commis- 
sion. If the Commission decided to place one of these regional sites 
in New York State, we would accept from the region low-level wastes. 
We would hope that as time passes additional sites would be estab- 
lished in the northeastern region and gradually the area served by the 
New York site would contraet. 

The other requirement for a waste disposal site is for high-level 
wastes and this goes very closely with the establishment of a fuel 
reprocessing plant. 

There is a group of utilities—five utilities—looking into now the 
feasibility of designing and building a privately owned and operated 
fuel reprocessing plant. We would like very much for those people, 
if they decide to build that plant, to consider New York as a possible 

cation. We think if they do, we have to be in a position to take the 
radioactive residues off their hands. This we have in mind also in 
connection with waste disposal. 

Chairman Anperson. Are there any questions? 

Representative Hosmer. Yes, Mr. Chairman. 

_You make reference to the State of New York having jurisdic- 
hon over most of the State through its department of labor and de- 
partment of health. But in New York City, your city authorities have 
jurisdiction in connection with radiation; is that right? 
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Mr. Townsenp. Outside of industrial facilities. 

















































The labor department has jurisdiction within industrial plants. a 
Representative Hosmer. What bothers me is that in this enabling | 6 
legislation that was passed last year, it had in mind the States as Se 
such and not their subdivisions. 
Do you see any problem at all in that respect, assuming you signa | 2 
contract ¢ b 
Do you think that your contract with the Commission can include p 
authority to delegate some responsibility to the city of New York, for 
instance, or are you going to have to go in the city’s boundaries and t 
exercise whatever authority you acquire through the contract |. > 
directly ? th 
What is your thinking on that problem ? 
Mr. Townsenp. It is our opinion that the agreement between the 
Governor of the State and the Atomic Energy Commission will take 
care of this. It provides for transfer from the Atomic Energy 
Commission to the already established regulatory agencies within the St 
State, each with separate jurisdictions and each would take this on | 1¢ 
within their jurisdictions. kn 
Representative Hosmer. In short, the contract will control, and if it th 
is not included in the contract expressly it is not implied and does 
not flow to a subdivision of a State? th 
Mr. 'Townsenp. In the first place, we don’t want to make a move} °Y! 
here unless we have the city of New York and the State department 
of labor and the State department of health with us. We will try to th: 
carry forward as far as we can committing these regulatory agencies to | & 
an agreement. 7 
This isa legal question. We are aware of it. 
Representative Hosmer. You are satisfied that legally the law we It 
passed last year permits a contract to be written which does in fact } 
pass it not only to the State but to subdivisions within the State; 
namely, cities, counties, districts, whatever else you might happen to 
have? I 
Mr. TownsenD. It is my understanding there is no legal road block 
such as that to an agreement between the New York State and the Nte 
Atomic Energy Commission. We have thought of this and we have E A 
looked into this and this is the legal opinion we have received. [ 
Representative Hosmer. Thank you. k 
Chairman ANpERsON. Mr. Ramey has a question, Mr. Townsend. th I 
Mr. Ramey. On page 54 of your report to the Governor of last] «© 
December, you recommend that the State government contribute to "s 
the costs of research and development leading directly or specifically 
toward the construction of either a full scale plant or prototype plant : 
and mentioning something about the State matching the research and M 
development cost of the utility. oe 
Has the Governor or the administration given any view on this R 
proposal ? Stat 
Mr. 'Townsenp. That recommendation has not been acted on. s 
Mr. Ramey. As you know, the Commission, on large-scale plants, in mh 
certain areas they think they are almost economic and they are looking] ,. 
toward possibly helping out a couple of plants on research and devel- “ 





opment assistance. 
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Would you contemplate that perhaps you might have three-way 
agreement with the State contributing some money, the utility con- 
tributing some money, and the AEC throwing in the rest on a larger 
scale plant? 

Mr. TownsenpD. We had that in mind when we made that recom- 
mendation, depending upon the views of the people who actually 
built the plant. If they wanted an arrangement such as that and 

roposed an arrangement such as that to us, we thought it would 
be a good arrangement. 

Mr. Ramey. Are there areas in New York State, apart from the 
St. Lawrence development, that are high-cost conventional fuel areas 
that might be a place where it might be getting pretty close? 

Mr. Townsenp. It is medium to high cost. 

Chairman Anperson. Are there other questions? 

Representative Hortrreip. Yes, Mr. Chairman. 

Mr. Townsend, I have been watching the work of the New York 
State government in the field of atomic energy and in my opinion, 
it is the most alert State in the Union in regard to these problems. I 
know a great deal of credit belongs to the work that you have done in 
this field. 

I certainly want to compliment New York State in recognizing 
these problems and taking steps to assume State responsibility where- 
ever it is possible. 

Now, in regard to the details of State accretion of responsibility, 
that comes strictly under the act on the basis of contractual rights 
granted by the AEC, does it not? 

Mr. TownseEnp. That is my understanding. 

Representative Horirteip. In other words, the act is permissive. 
It does not confer within itself any authority independent of contract? 

Mr. TowNseEnp. That is my understanding. 

Representative Horrrrevp. It is an enabling act? 

Mr. TownsenpD. That is right. 

Representative Hoxrrrerp. So any detail of responsibility which 
would be transferred would be contractual between the AEC and the 
State of New York? 

Mr. Townsend. The agreement will define what areas the Atomic 
Energy Commission is withdrawing from. 

Representative Hortrrerp. That is right. 

Therefore, the Atomic Energy Committee sits in judgment upon 
the ability of the State to perform any function delegated to it in the 
signing of that agreement. 

Mr. TownsEnD. You mean the Commission. 

Representative Hortrtetp. The Commission, yes. Excuse me. 

Mr. Townsenp. That is right. They have to make findings of com- 
petence and compatibility. 

Representative Hotirrecp. If there was some transfer from the 
State to the city of New York, for instance, this would undoubtedly 
be part of the original contract; that is, not specifically to that one 
city but it would grant that privilege to the State? 

Mr. TownsenpD. We intend to write all into the contract that our 
lawyers say is appropriate to include. 

Representative Hontrretp. You have said that you want to do these 
things with the approval of the Atomic Energy Commission. 
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I want to talk to you for a moment about a site. Assume that the 
AEC grants a license for the building of a plant at X site in New 
York State, and let us assume that New York State might take the 
position that this was an unsafe site. Independent of contractual 
rights, do you take the position, or do you not, that New York State 
would have the veto right as a matter of inherent State authority for 
the setting up of an atomic energy plant although it had a license 
from the Federal Government ? 

Mr. Townsenp. What position we would take on that I would like 
to reserve until and unless such a situation arose. Then we would 
discuss that particular situation. We don’t have any set policy. 

Representative Horrrierp. It is a hypothetical question in a way, 
but it could be a very real problem. Under the State police powers, 
the different subdivisions of the State do have the right by ordinance 
to prohibit obnoxious or hazardous enterprises from their respective 
political boundaries. 

Personally, I would hope that the State would exercise and exer- 
cise wisely the power of veto in case a site license was granted by the 
Federal Government. I believe in this one field—at least in vege one 
field, there may be others—that the right of the people of a com- 
munity to function should not be supe rseded by the Federal Gore 
ment because it is not a matter of moral principle nor is it necessarily 
a matter of importance to the national defense. 

Certainly there are hazards involved which I believe the local people 
should have the right of veto power in case there was a real, real 
substantial reason for their not wanting to go along with the Federal 
license. 

Mr. Townsenp. It was this kind of thinking that led us to make 
the suggestion last vear. Whether we would ever try to challenge 
the Federal Government on constitutional grounds is a question that 
I think is better for us not to worry about until a specific situation 
arises. 

Representative Houtrretp. Possibly so, and I think there is possibly 
a diversity of opinion of the committee on this point. I was expressing 
my own opinion on that point. 

‘T think your State should be « ‘omplimented for the advance research 
you have done in this field and also in the field of civil defense against 
radioactive contamination. 

Chairman Anperson. Are there other questions ? 

If not, thank you very much, Mr. Townsend. We are glad to have 
you appear before us. 

Mr. Townsenp. Thank vou, sir. 

Chairman Anperson. Mr. Linsenmeyer. 


STATEMENT OF JOHN C. LINSENMEYER, EXECUTIVE VICE PRESI- 
DENT, AMERICAN RADIATOR & STANDARD SANITARY CORP. 


Mr. Linsenmeyer. Thank you, Mr. Chairman. 

Chairman Anperson. Will you state your position with American 
Radiator & Standard? 

Mr. Linsenmeyer. I am John C. Linsenmeyer, executive vice 
president of American Radiator & Standard Sanitary Corp. 
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It is a pleasure and an honor to appear before your committee for 
the third time in as many years, to present the views of American- 
Standard on the development of the civilian atomic energy industry, 
specifically in regard to process heat and to advanced types of power 
reactors. 

During the past year, we have all been impressed with the vigor 
and dispate h with which the Atomic Energy Commission and the 
Congress have proceeded with definite plans | to construct new water- 
moderated reactors, among these, the experimental low temperature 
process heat reactor and the small size pressurized water reactor. 

May I interpolate here, we are presently seeking the latter job and 
God grant we get it. 

As a manufacturer of conventionally fueled process steam equip- 
ment, we are pleased to note that this area for application of nuclear 
energy is recelv ing increased interest and attention. 

As a logical projection of the Commission’s existing water reactors 
program, we believe that a low-cost process steamplant and a small 
low cost powerplant both of the boiling water type should be con- 
structed respectively at the site of an industrial steam consumer and 
a small utility. <A pressurized water reactor process steamplant is 
now planned by the AEC for Point Loma. This certainly is a step 
in the right direction. Equally important is the small-sized pres- 
surized water reactor project in which we have great interest. How- 
ever, we believe that a boiling water type may be cheaper for process 
steam and power for many applications. At least with the present 
state of cost accuracy the choice is not clear. In this regard we agree 
with Argonne National Laboratory and the Oak Ridge operations 
office as stated in their reports of costs of small pressurized water, 
boiling water, and organic cooled reactors. Only construction of 
equivalent boiling water reactors to determine costs can resolve this 
question, 

Therefore, we believe that serious consideration should be given, in 
cooperation with industry, to the construction of a small boiling, 
natural circulation process steam reactor at an industrial plant where 
costs can be realistically appraised. The use of a carbon steel primary 
system and aluminum fuel cladding is recommended if the feasibility 
of these materials is confirmed by present experiments. Process heat 
users have testified before this committee as to their readiness to in- 
stall such a plant, with appropriate economic support. We recom- 
mend a similar program for a small boiling w — reactor powerplant. 

On my last appearance here before you, I described our variable 
moderator boiling water reactor, now being developed under Commis- 
sion support at our advanced technology laboratories division. Re- 
cent work on VMR kinetics has corroborated the finding of AEC lab- 
oratories that boiling reactors have the potential of operating with 
complete stability at very high power densities, economically advan- 
tageous to this application. Incidentally, the VMR is now in the 
critical experiment stage, and the results we have achieved to date are 
highly promising. 

To summarize my comments on the water reactor program, we 
congratulate the Joint Committee and the Commission on the recent 
strides forward in this field. For the near future, we would strongly 
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advocate the construction of additional small process steam and power 
reactors under cooperative arrangements with industry. 

In the area of other power reactor types, we urge that the level of 
research and development support for newer and theoretically promis- 
ing reactor concepts be increased. Commendable as it is to cut back 
on developments when results have not borne out expectations, perhaps 
the pendulum has now swung too far and too fast away from advanced 
reactor development. 

I say this for two reasons. The first is that, based on current extra- 
polation involving many millions of dollars of additional develop- 
ment and improvement work, all established reactor types seem to hit 
rock bottom in power generating costs at perhaps 7 or 8 mills per 
kilowatt-hour. This is just about the same as conventional power 
costs. The fuel cycle costs for these reactors can hardly be below 2 to 
3 mills per kilowatt-hour. The capital costs cannot be much below 
the range $200 to $250 per kilowatt, which at 80 percent plant factor 
and 14 percent capital charge adds up to 5 mills per kilowatt-hour. 
Adding small charges for operating and maintenance, insurance, and 
so forth, puts the total at or above conventional costs for the major 
fraction of the utility industry. This, of course, will restrict the 
application of nuclear power to only high power cost regions. 

Second, because of the lack of experience with nuclear plants com- 
pared with conventional plants, utility companies may not choose 
nuclear plants unless the nuclear plants have a clear advantage of 
1 mill or more. Frankly, in view of the continued improvement in 
conventionally fueled plants, it is not certain that the established 
reactor type plants will show this needed clear economic advantage 
over conventional plants for many, many years. 

If this is true, then any comprehensive reactor development pro- 
gram must include a significant amount of work on bringing more 
promising reactor types to early fruition. The discouraging results 
on materials of construction in certain past reactor experiments should 
not cause us to give up the chase. Rather, more care should be exer- 
cised in the future that a proper materials base exists, or will have 
been developed before the reactor experiment is constructed. 

To illustrate the foregoing by drawing on our own experience, let me 
describe the advanced reactor type having minimal materials prob- 
lems and yet showing promise of significantly reduced capital and fuel 
cycle costs. I refer to our fast breeder reactor cooled with boiling 
mercury, which we term the MCBR. Such a reactor could operate 
at 1,000° F., using commercially available low alloy steel for fuel 
cladding and structures. The justification for this last statement is 
that several conveniently fuel mercury turbine plants have been 
operating at these temperatures for years with essentially no corrosion. 

Mercury turbine plants now in operation have no operating diffi- 
culties. However, the increased cost of mercury and the high ef- 
ficiency of the reheat steam cycle make new conventionally fuel mer- 
cury turbine plants comparatively uneconomic. On the other hand, 
in a fast breeder nuclear plant, mercury as a coolant has advantages 
over other systems make it very attractive, we believe. 

Our company, under the AEC new reactor concepts program, has 
conceived and designed this MCBR with exciting results. The use of 
boiling mercury eliminates many of the problems of breeders with 
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sodium cooling—the heavy shielding against sodium radioactivity, the 
intermediate heat exchanger and the high temperature steam genera- 
tor, and the ever-present danger of sodium-water reaction. The mer- 
cury at an average temperatue of 920° F. goes directly to a mercury 
yapor turbine for producing electric power. Mercury vapor leaving 
the turbine is used to generate steam at 900° F., which is passed 
through a separate steam turbine to generate additional electricity. 

The thermodynamic efliciency of this mercury dual cycle is 33.4 per- 
cent, appreciably higher than 30 percent for an equivalent sodium 
cooled (Fermi) plant. The capital costs are much lower than for the 
latter, and the fuel cycle costs, particularly on plutonium breeder 
cycle, also give promise of being quite low. 

I have referred to this reactor as one of which we have personal 
knowledge and as representative of the type of concept which we 
believe bears further development—namely, new reactor types that 
can be built without an order of magnitude improvement in mate- 
rials technology. There are undoubtedly other such concepts, and I 
urge the committee and the Commission to encourage their develop- 
ment to the fullest extent possible. 

As a final suggestion to the committee, I urge the Government to 
facilitate the inclusion of operating utilities in reactor development 
contracts. I personally feel this is of utmost importance in the de- 
velopment of economic reactors. Under the present third-round 
ground rules, utilities can only participate in new Government-sup- 
ported reactor developments if the utility agrees irrevocably to build 
a plant or agrees to accept severe penalty clauses regardless of how 
successfully the development proceeds. As I have discussed in former 
testimony before this committee, our large public utilities have a tre- 
mendous pool of experience in ways to cut power costs, which experi- 
ence could be an important factor in achieving civilian reactor designs 
which would give us reliable low-cost service as central station plants. 
Also, by participating in the development of a new reactor concept, 
the utility could then make its own decision as to whether the concept 
was sufficiently attractive for construction. I believe that if the pres- 
ent rules were modified in this respect there would be substantially 
increased participation of utilities in the nuclear program. 

Representative DurHam (presiding). Thank you, sir. 

Mr. Linsenmeyer. If I may, too, gentlemen, I might add infor- 
mally that American-Standard is in this business with the intent and 
expectation of arriving at one or more standardized types of reactors 
that can be sold for process steam or small power generation. We 
are aiming really at the day when we can offer a guaranteed product 
with a guaranteed operating cost. Perhaps this will take some of the 
glamor and adventure out of nuclear work, but I believe when we get 
out a catalog of standardized reactors nuclear power will have arrived. 

Thank you very much. 

Representative Durnam. Thank you very much, Mr. Linsenmeyer. 

lis is an excellent statement. You bring out some points in your 
recommendations which I agree with; that is, you should encourage 
some new thoughts into this field. 

Mr. Linsenmeyer. As I mentioned, I think we have swung a little 
too far away from the exotic and into the familiar. I think we should 
keep some stimulus on new and novel reactor types, not broadly diver- 
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gent from what we are doing or falling into the error again of design- 





ing types that require metallurgical progress that we have not reached CO 
as yet. The design or project should be tailored to available metal- 
lurgy. 

Representative Durnam. I think this committee has been very alert wl 
to that. We have not wedded ourselves to any particular type here. E 
We have tried to cover the field as broadly as we could so we could F< 
get the experience and know-how from something besides pressur- fir 
ized water. It seems everybody now is going to pressurized water. 

Mr. Linsenmeyer. It offers a degree of certainty, let me say. wa 

Representative Duruam. That is true. . 

Mr. Linsenmeyer. But it does not stimulate progress. 

Representative DurHam. But there is no reason why we should not ] 
make as much advance on other reactors as we have on that. We 
spent a lot of effort and time on that. Are there any questions? any 

Representative Ho.irtetp. Mr. Chairman, I certainly agree with I 
you, Mr. Linsenmeyer, on what you said on page 3, that any program I 
must include a significant amount of work on bringing more promis- [| 
ing reactor types to early fruition. I also approve of your reference I 
to the necessity of fast breeder development. I certainly think that I 
it Was pretty conclusively shown in the charts that Mr. Starr pre- | &s¢ 
sented yesterday to us that a use of the fast breeder principle would \ 
zetually magnify our existing stocks from a utility standpoint | tha 
tremendously. By a factor of a hundred, at least. mol 

Mr. Linsenmerer. That is right. In faet, something of that sort \ 
is almost essential if you look into the future. able 

Representative Houirizip. Yes. If you are going to keep the eco- M 
nomics down, it certainly is true. Do you believe that this concept t 
which you call the MCBR is at the stage now in technology where M 
either a title 1 design study should be made of it, or would you go t 
further / you 

Mr. Linsenmeyer. Yes, sir: aimed at building a prototype and M 
trying it out. h 

Representative Honitrretp. A small reactor along the size of the | "4: 
Valleecitos or Santa Susana size. M 

Mr. Linsenmeyer. Yes, sir. It does not involve much in the metal- still 
lurgical or attendant skills other than solving the unknowns of the } [°° ! 
basic fuel area itself. It is 

Representative Hoxirrerp. Do you believe that there is enough} Re 
mercury and it is cheap enough to use for this purpose ? aoe 

Mr. Linsenmeyer. The quantities required are not what they were of th 
for conventional plants. In fact, some years ago the Public Service Mi 
of New Jersey abandoned their mercury boiler and sold a million and} Re 
a half dollars of mercury, but this was built back in the 1920's. There | °"¢.° 
is no problem in the availability of mercury. Mr 

Representative Horirrerp. In other words, the quantities needed f° ™™ 
for this type of operation or a larger plant would not be as much }™&?e' 
as you utilize in the conventional plant. ong 

Mr. Linsenmerer. No, sir. our si 

Representative Hotrrretp. You feel that there would be enough Rey 
of it available at a price that you could afford to use it / to be ; 

Mr. Linsenmeyer. I do think so, Mr. Holifield. Mr 
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Representative Hosmer. How much less is required here than in a 





d conventional plant ¢ 
i Mr. LinseNMryer. You mean for equivalent kilowatt output? 
Representative Hosmer. Yes. How many flasks of mercury or 
rt whatever unit you use / 
e. Mr. Linsenmeyer. Pounds, let me say. I will give you a guess. 
ld Fourteen thousand. pounds for a 10,000-kilowatt job, but we will con- 
r- firm this in our written statement to the committee. _ 
= Representative Hosmer. What would a conventional 10,000-kilo- 
watt modern design take ¢ 
Mr. LinsenmMeyenr. I have to picture the boiler 
Representative Hosmer. Twice as much? 
ot Mr. Linsenmeyer. Twenty times as much, I would guess, at least. 
Ve Representative Hortrietp. | was going to inquire, do you have 
any figures on the stockpile of mercury re 
ith Mr. LinsenMeyer. I| don't. 
am Representative Houirretp. Mr. Durham, we have a tremendous lot 
\is- | inthe stockpile, do we not? 
nce Representative Dunnam. Yes. 
hat Representative Hoxtrietp. We have a stockpile of this mercury 
yre- | as one of our strategic metals. aang wire 
mid Mr. Linsenmeyer. I know the price is very stable which indicates 
‘int. | that there is a balance between demand and supply at the present 
moment, 
aort Representative Horirietp. Could I ask you if there is any appreci- 
able loss in the utilization of this ¢ 
ones Mr. Linsenmeyer. You mean leakage from the system? 
cept Representative Hortrietp. Yes. 
hers Mr. LLINSEN MEYER. None. a 
2 ae Representative Hoiirtevp. In other words, it is not a material that 
“| you would use up in this kind of operation ? 
oud Mr. Linsenmeyer. No. 
Representative Hoxirietp. It is merely an inventory that would 
the } femain almost static. be is 
Mr. Linsenmeyer. That is mght. It is permanent. This plant 
satel still operating at Hartford, Conn., has not had to add any mereury 
f the for years, Lite rally they have not added a pound of mercury to it. 
It is sealed and the loss i IS next to zero. 
ough | Representative Price. One of the reasons they have not gone into 
~~ }so much in the use of mercury in the sodium-cooled plant is the fear 
— of the toxicity. ba 
siete M r, LINsEN MEYER. That has been one of the fears. = 
a ae Representative Price. I don’t say I subscribe to that. but isn’t that 
There } ™°of the reasons / ‘ 
Mr. LinsenmMeyer. Yes, I think so. Before we went into this, as 
reeded | Matter of fact, we went around and consulted with the conventional 
much P@ereury vapor plants that were in operation expecting to collect. a 


long series of things to guard against and methods. We found to 
our surprise that there is no leakage problem. They don’t have it. 
Representative Hotitrrep. You are not contemplating this MCBR 
to be a combination of sodium and mercury. 
Mr. LinseNMEYER. No, just mercury. 


nough }, 
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Representative Houtrietp. That is what I thought. That is why 
I did not understand your question. 

Mr. LinseNmeryrer. Maybe I didn’t understand it, either. 

Representative Price. 1 thought you were using the mercury as 
a barrier on the sodium-cooled reactor. 

Mr. Linsenmeyer. No. The reactor proper will be cooled with 
mercury and the mercury vapor will operate the turbine and then go 
through a heat exchanger. 

Representative Prick. My question is still pertinent because the in- 
cident I have in mind, which I don’t care to discuss here, the reason 
they didn’t use mercury in this particular project was the fear of 
leakage and toxicity. 

Mr. Linsenmerer. There has been some fear on that point. We 
found that in conventional powerplants it is not a problem as far as 
these people were concerned, and there is a number of mercury vapor 
plants operating with fossil fuel. 

Representative Prick. What about a propulsion plant? 

Mr. Linsenmeyer. I don’t know of any, Mr. Price. 

Representative Price. I am thinking of one, but I won’t mention it. 

Representative Hoiirretp. Would you submit to the committee a 
memorandum on this and go into a little more detail ? 

Mr. LinseNnMeyrER. I would be most happy to do so. 

Representative Ho.trie.p. Give us your information as to the 
present state of the technology and what you estimate a title 1 study 
in this field would cost, and then what you would estimate a 5,000- 
to 9,000-kilowatt plant capital investment would be necessary when 
you reached the point of building it. 

Mr. Linsenmeyer. I think we have much of this information avail- 
able already, and we would be most happy to send it. Shall we ad- 
dress it to the chairman of the committee ? 

Representative HoxirieLp. Yes, to the chairman of the committee. 
That would include the costs of an engineering design and the ad- 

vantages that you feel would come to this type of a fast breeder 
reactor project. 

Mr. Linsenmerer. I would be very glad to do so. 

(The material referred to appears on p. 382. 

Representative Hourrietp. There is nothing like that built now, is 
there ? 

Mr. Linsenmerer. No, there is not. We are currently working on 
this under Commission sponsorship, which is the MCBR. 

Representative Hortrretp. How far have you gone in your tech- 
nology? Toa critical assembly ? 

Mr. Linsenmeyer. To a point where at least our boys are bubbling 
over with enthusiasm. I can’t tell you, Mr. Holifield. I will include 
a statement on the point of progress in this letter. 

Representative Hottirrevp. I would like to have that. What is your 
fiscal position? Are you at the point in your technology where you 
need to take another step or do you need more preliminary research 
and development work ? 

Mr. LinsenmMeyer. Would you like me to introduce Mr. Nixon, our 
technician, on that ? 

Representative Hottr1etp. It would be perfectly all right. 

Mr. LinseNMEYER. Would you step up, please? 
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Representative Horirretp. I agree with the basic principle that we 
have to get started on some of these reactor projects if we are going 
to have anything to start building on 3 or 4 years from now. There 
is going to be a gap as I see it in the number of these reactors that are 
going to be built and operating. If we don’t have any preliminary 
work done on any new starts at all, we will have a hiatus of 3 or 4 
years in which nothing will be done in the atomic energy field. 

Mr. Linsenmeyer. No progress in overall efficiency or anything else. 
You have to get the stuff fed into the mill. 

Representative Houtrtetp. I am not speaking of the advanced types 
which are nearing on the on-line capability like your big pressurized 
water and boiling water and combinations of those two. I am think- 
ing about other types such as you have suggested here which seem 
to be at the point in our technology where they need to take the next 
step. It is a modest step but it is an important step because it would 
involve the elimination of at least 3 years of delay if we don’t do any- 
thing until we find out what some of 7 plants now being built will 
do from an operational standpoint. I doubt if the operational ex- 
perience of a boiling water or pressurized water is going to solve the 
problems that you have here in this type, because this is such a 

adically different type. 

Mr. LinsenmererR. No. They will simply give us experience in 
operating a particular type and experience on the part of the people 
who supply components. They get more competent in building pres- 
sure vessels and they get cheaper : as they learn to overcome difficulties. 
All we are doing is developing a skill on a very narrow band. 

gti ative Hoririep. Are you ready to answer the question ? 

Mr. Nixon. Yes. We have completed the initial design work that 
the Commission requested on this concept. 

Representative Hosmer. Will you tell us first how much work you 
have done in relation to mercury under conditions of reactor physics, 


eae and temperatures in excess of 900 degrees and so forth? 
I think that it basic. 


Mr. Nixon. Yes, sir. 

Representative Hosmer. In that connection I recollect about 12 
months ago somebody put out a study or an opinion that was quite 
adverse to the use of mercury in these things. If you recollect any- 


thing of that, you might discuss it at the same time. I just remember 
its existence. 


Mr. Nixon. I will try. 

We turned in a final report to the Commission on this. 

Representative Hotirretp. When ? 

Mr. Nixon. We turned this in December. We have pending before 
the Commission a recommendation for a continuing research and de- 
velopment program on this, part of which is to clean up some of the 
work which we did in the areas of physics and kineties. Then we 
want to continue research and development in the areas of heat 
transfer. 

We also proposed a test reactor and a title 1 design of which you 
were speaking, and we feel we have gone about as far as we can go 
now. We spent approximately $1! 50,000 of the C ommission’s money 
cn this initial study. We feel we have gone about as far as we can 
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go until we take the next step, the research and development in the 
heat transfer and building. 

Representative Horrrretp. Would you do this before you did your 
title 1 design ? 

Mr. Nrxon. No, sir. We would want a title 1 design because this 
points the direction in which you should go with your test. This 
gives you the overall picture of what a plant can do and should do. 
Therefore you can more correctly orient the engineering of your test 
to meet the objective which your title 1 design points out you should 
meet. We think these things overlap. They certainly don’t go in 
series or the program drags out too long. 

We have this program pending before the Commission and we have 
received no word on it as to where it stands. 

With regard to what we have done in the areas of physics and 
metallurgy, we have built, mainly at our own expense, a heat trans- 
fer loop using mercury in which we have extended the heat transfer 
capabilities or data on boiling mercury from what was ec 
in the past a limit of 200,000 B.t.u.’s per square foot to 600,000 B.t.u. 
per square foot. In other words, we have tripled the possibilities 
of transferring heat by mercury. 

Representative Hosmer. Are you running it up by increasing 
temperature ? 

Mr. Nixon. Yes, sir. There is no question that we can go up a 
thousand degrees. 

Representative Hosmer. Have you done this under conditions of 
radiation ? 

Mr. Nixon. No, sir. 

Representative Hosmer. Have you done anything with mercury 
under conditions of radiation ? 

Mr. Nixon. Not to my knowledge. There has not been any experi- 
mentation directly under radiation circumstances. However, as is in 
the case with most liquid metals, including sodium and others, the 
effects of radiation are minimal, if these exist at all, since they are 
elemental substances which radiation does not affect primarily except 
activation. In the case of activation the products which mercury 
turns out, which gives you problems in the plant, are much less severe 
than with sodium. This is one of the major advantages. We can get 
in and repair and maintain our equipment much easier than you can 
in a sodium plant. 

In addition, we boil mercury in the reactor itself under excellent 
heat transfer conditions, pass it directly to the turbine without an 
intermediate heat exchanger and return it back to the reactor in a 
condensed state. This has cut the capital costs, according to our esti- 
mate, of the nuclear plant by an order of one-half over the present 
Enrico Fermi plant. This, we feel, is a rather significant advance in 
the line of fast breeders. 

Representative Hosmer. You say you boil it in the reactor? 

Mr. Nrxon. Yes, sir. 

Representative Hosmer. Do you boil it in the fuel elements? 

Mr. Nrxon. Right around the fuel element. 

Representative Hosmer. What kind of pressure do you run at? 
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Mr. Nixon. It is a couple of hundred pounds. That is all we have 
in the sy stem. This is all that is required. The temperature is the 
key so far as thermal efficiency is concerned. 

Representative Hosmer. Is there any particular problem with 

respect to fuel elements or is that pretty well standard ¢ 

Mr. Nixon. No, sir. As a matter of fact, the materials are avail- 
able for mercury systems. The standard low alloy chrome molyb- 
denum steels in present boilers are sufficient for use in nuclear sys- 
tems. These are the chroloy steels. They are present boiler tube 
materials. 

Representative Hosmer. What outlet temperature is there involved ¢ 

Mr. Nixon. Our present design is for about 960° F. We believe 
we can go up to the order of 1,200° F. without difficulty. We have 
operated our loop at those temperatures, and we don’t see any prob- 
lem. 

Representative Hosmer. You were going to comment on the ad- 
verse criticism. 

Mr. Nrxon. [ have been trying to think what it is. 

Representative Hosmer. I can’t think of what it is either, but if 
you are familiar with it, will you recollect it for us 

Mr. Nixon. I believe there was an article which came out in Nu- 
cleonics concerning some Russian work in mercury that they had 
performed. As I “recall the problems may have been in the heat 
transfer area. But we feel we have solved those problems in the 
demonstration already in our test loop. 

Representative Hosmer. This thing is not going to work unless 
you can incorporate breeding. I mean economically. 

Mr. Nixon. Economically certainly breeding is a distinct advant- 
age. 

Representative Hosmer. Mr. Lisenmeyer, you mentioned present 
reactors at probably a minimum of 7 or 8 mills power cost. What is 
this for mercury in your mind ? 

Mr. Lixsenmerer. I will pass that on to Mr. Nixon. The estimates 
I have gotten from the boys is a potential of 1 to 1.5 mills under it. 
Is that right? 

Mr. Nixon. That is for fuel cost. I will have to defer that ques- 
tion by saying we will have to compare the potenti: al of this plant 
with what is presently being developed by the Commission, which is 
the sodium cooled. 

Representative Hosmer. I am not anxious to spend a lot of money 
on this thing if it is going to be a little bit better, but not very much 
better. Better isa matter of degree. 

Mr. Nrxon. It cuts the capital costs in half, which is one of the 
major parts of cost. 

Representative Hosmer. It cuts from 5 mills to 214 mills. 

Mr. Nixon. Yes. 

Representative Hosmer. And the fuel cost is cut in half. 

Mr. Nixon. The fuel costs remain about the same order as sodium. 

Representative Hosmer. Then you bring it down to around five alto- 
gether, or four and a half. 

Mr. Nixon. There is certainly a potential of that. 
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Representative Hosmer. You really don’t think you are going to 
get it? A 

Mr. Nixon. I can’t say that on the first plant this will happen. I 
say there is a potential for bringing fast breeders down into the range 
where they are economically feasible. 

Representativ e Hosmer. Mr. Linsenmeyer, you mentioned in your 
testimony this difficulty we are having with metallurgy. 

Mr. Linsenmeyer. Yes, sir. 

Representative Hosmer. And ceramics and things like that. Every- 
body skirts around it all the time. You are the first man who had the 
courage to bring it up in this hearing that I recall. Instead of taking 
this fuel cycle mercury reactor and instead of taking a lot of these 
other programs that are trying to push beyond the state of the art, 
do you feel we should take that money and just put it into a metal- 
lurgy, ceramics, and materials program and run at a high pace on 
that for 2 or 3 or 4 or 5 years, and then see what we have to work 
with ? 

Mr. Linsenmeyer. I think there can be a certain amount of concur- 
rent activity in that. If we are going to make an essay into a mercury 
steam cycle such as we are ti alking about, you will have to tailor your 
design of this cycle to the av ailable metallurgy. Certainly, Mr. Hos- 
mer, I think all we could put into exotic metallurgy should be 
put into it. 

Representative Hosmer. I am wondering whether we should take 
some money out of these other programs and put it in there. We run 
up against materials barriers in ANP and this field and that field 
and all fields. The progress is not going to be very rapid in it. It 

isa long and difficult problem. 

Mr. Linsenmerer. I realize that. 

Representative Hosmer. One of the reasons is, you yourselves look 
around for work done on mercury and found no one had done any 
for a long time. You just happen to get hot on mercury, so you 
hi appened t to get into the field. If you had not, probably there would 
be much less knowledge about it today. It illustrates that selection 
of materials research area comes by chance rather than by programing. 

Mr. LinsenMeEyYeER. We don’t like to feel it is completely by chance. 

Representative Hosmer. Maybe we should have an overall program 
and spend some money. You just don’t know ? 

Mr. Linsenmeyer. [ believe, Mr. Hosmer, that we should concur- 
rently carry forward other reactor designs. 

Representative Hosmer. I know we should do a lot of things con- 
currently. But we don’t have enough money to “concurrent” ‘all the 
time. Thus there comes a problem ‘of what should come first in the 
sequence. 

Mr. LinsenmMeyeEr. I agree with you that a slice of funds should 
be taken from somewhere and invested in metallurgy. 

Representative Hosmer. Thank you. 

Representative Duruam. That has been needed for a long time. 

Mr. LinseNMEyYER. Yes. 

Representative HotirreLp. May I ask about your reference to using 
commercially available low alloy metal for cladding in the structures? 

Mr. Nixon. Yes, sir. 
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Representative Hoiirretp. Why is it that you can use that when 
we have so many troubles with other elements using fuel cladding? 

Mr. Nixon. Most of the other difficulties we are having in the other 
systems metallurgically speaking is due to the coolants used in re- 
gions where technology has not been developed. In the mercury 
system we are not extending those frontiers. We are using mercury 
at temperatures which have been used for years and materials which 
have been developed some time ago for that particular application. 
The mercury system was introduced in the 1920's, and there was a 
great deal of expenditure of money to develop alloy materials suitable 
for mercury. That has been done. By plan, we like to feel, we 
looked at this as a coolant that gave us the temperatures in a "fast 
breeder system which is within current practice, and which materials 
have been developed for, because we recognize the problem of metal- 
lurgy. We came up with a plant which surprised us at its savings 
in cost. This is the reason we are able to use that. We approached 
the problem initially trying to do that and we came up with mercury 
as a logical answer to this. 

Representative Houtrrevp. If you have any way of getting away 
from some of these metallurgical problems, that would be good. 
That is why I went along with this idea of Dr. de Hoffmann in the 
General Dynamics project, although I realize that the first idea for 
a plant is not going to put it into effect apparently. It was with the 
idea of circumventing In some way or another these terrible metal- 
lurgy problems whic h we have, which are seemingly insoluble. 

Represent: itive Hosmer. I don’t know whether Mr. Nixon knows 
he is going to have metallurgical problems with this or not. 

Mr. Nixon. We are not extending this to any areas in the power 
experience that we have not had experience with for years and years, 
except radiation. All our experience with liquid metals to date 

Representative Hosmer. I remember 30 years ago Popular Mechan- 
ics had a cover of the first one they built up in New England, and it 
was real fantastic, and I was much interested in it. 

Mr. Nixon. They have opened that system not too long ago, and 
they have found the original machining marks are in the tubes. There 
has been practically zero corrosion in some 30 years of the use of 
mercury plants. So we are really not facing that kind of problem. 
What we are facing here is a demonstration in a nuclear plant of 
using mercury. We have investigated all the problems that we feel 
are important at this point. We feel we are ready to launch into the 
next phase which is a Title 1 design and a subsequent test of this 
thing as an actual demonstration somewhere. We think this is a great 
step forward in the fast breeder business. I think this is the reason 
we are quite enthused about it. 

Representative Hoxirievp. I think you presented some very in- 
teresting thoughts here, and some challenging concepts, particularly 
in this field of getting around the metallurgical problems we are hav- 
ing in several other devices. I trust that you will furnish us some 
more material along this line so we can study it. 

Mr. Nrxon. Yes. 

Mr. Linsenmeyer. We certainly will. 

Chairman Anperson (presiding). Thank you very much. 

Mr. Linsenmeyer. Thank you, Mr, Chairman. 
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(The material referred to on p. 376, together with a letter from the 
AEC concerning the MCBR, follows :) 


ADVANCED TECHNOLOGY LABORATORIES, 
DIVISION OF AMERICAN-STANDARD, 
Mountain View, Calif., March 8, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


DeAR SENATOR ANDERSON: Members of your committee requested additional 
information on our mercury-cooled breeder reactor program, following a descrip- 
tion given by Mr. John C. Linsenmeyer, executive vice president of our corpora- 
tion, before the committee on February 24. We appreciate this opportunity to 
present this information to you, as we consider this program of great promise 
in the achieving of the national goal of economic nuclear power. The following 
documents are enclosed in compliance with your request: 

1. A summary of the current status of the MCBR program and the poten- 
tial of the reactor type. 

2. The evaluation report submitted to the Commission in December 1959 
(ATL—A-102). 

3. A proposed program for the future development of the MCBR (ATL 
P-1035). 

Since our appearance before your committee, we have received an answer 
from the Commission on the above-mentioned proposal. In lieu of the complete 
program as proposed, the Commission has requested us to submit a proposal to 
do a small amount of additional work covering the kinetics of this reactor 
system. It is our intention to comply with the Commission’s request, and 
more kinetics information is certainly of importance. However, as we have 
indicated to the Commission, we remain of the opinion that this new concept 
is sufficiently attractive to warrant planning for and initiation of a more ex- 
tensive program, namely one which will permit a much earlier realization of 
its potential. Indeed, we feel that the program we originally proposed could be 
initiated now, as it included the kinetics work suggested by the Commission 
plus those additional tasks required at this time to realize an early construction 
date. 

It is pointed out that the total cost of the development program leading to 
and including the design of a 100-electrical-megawatt prototype powerplant 
of the MCBR type is estimated to be less than $10 million. The capital cost 
savings alone realized by constructing a mercury-cooled breeder reactor in 
lieu of a sodium-cooled breeder reactor of the 100-electrical-megawatt size is 
considerably more than this figure. Thus, we feel that the development program 
as originally submitted is well worth while. 

American-Standard’s interest in this project is exemplified by its own support 
of experimental work in this area. As was pointed out during our testimony, 
we have constructed and operated small scale heat transfer experiments which 
have already extended the technology for mercury systems by a factor of three. 
Thus far we have found no limit experimentally to the possibilities of high per- 
formance from mercury systems. We have also continued our design investiga- 
tion of the MCBR system, and have concluded that a direct cycle shows even 
greater promise than the indirect cycle which was the basis for our work under 
Commission contract. 

We have made a preliminary projection of MCBR costs into the future, so as 
to compare the potential of this system with other reactor types indicated in 
the Commission’s 10-year program. The potential cost for the MCBR of 7.8 mills 
per kilowatt-hour obtained under the same ground rules as the Commission’s 
own estimates, compares quite favorably with the Commission’s projeeted 7.5 
mills per kilowatt-hour for sodium-cooled breeder plants. The cost of a program 
to realize this potential in the MCBR appears to be but a small fraction of that 
postulated by the Commission to achieve the potential of a sodium-cooled sys- 
tem. Indeed, in its own evaluation of fast breeder reactors, the Detroit Edison 
Co. concluded that a major area for potential improvement is the “development of 
a primary coolant that satisfies plant requirements better than sodium.” Mer- 
eury as a primary coolant definitely appears to satisfy plant requirements better 
than sodium, since it is far less hazardous, entails less equipment, gives higher 
thermal efficiencies, and is backed by years of existing plant technology. 
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As was stated in the testimony, our work is based on existing materials tech- 
nology. Lack of consideration of this point has been perhaps the major cause 
of discouragement with many of the new reactor concepts on which considerable 
research and development funds have been expended to date without realizing 
the anticipated results. With such a firm basis for this new concept, we recom- 
mend that the mercury-cooled breeder reactor form an integral part of the Com- 
mission’s overall program for the development of an economic fast breeder power 
system. 

If there are any questions on the enclosed material, we would be pleased to 
answer them at your convenience. 

Yours very truly, 


E. J. WILSON, JR., President. 


(An excerpt from enclosure No. 1, noted above, follows. Enclosures 
Nos. 2 and 3 are on file with the Joint Committee.) 


A SUMMARY OF THE AMERICAN-STANDARD MERCURY-COOLED BREEDER REACTOR 
PROGRAM 


As the result of a proposal by American-Standard in August 1958," the U.S. 
Atomic Energy Commission has sponsored, under the new reactor concepts 
program, a technical and economic evaluation of a highly promising new reactor 
type. This new type reactor is a fast breeder reactor cooled by boiling mercury 
and is characterized by : 

1. Fissioning and breeding with high-energy (fast) neutrons. 

2. Low pressure and high temperature utilizing boiling mercury as a 

coolant, thus permitting the use of a well-known and highly developed 
technology for powerplant applications. 

3. Existing and commercially available materials and plant components. 

4. Low capital cost and ease of maintenance and operation. 

The mercury-cooled breeder reactor (MCBR) evaluation investigated tech- 
nical feasibility based on criteria established by the Commission and American- 
Standard and developed a conceptual reactor and powerplant design. The 
design was completed in sufficient detail to provide a realistic basis for a pre- 
liminary economic evaluation. Capital costs, fuel-cycle cost, and operating and 
maintenance costs were estimated, and the results compared with published 
data regarding similar costs for a sodium-cooled fast breeder reactor power- 
plant system. <A detailed account of the technical feasibility, plant design, 
and economic analysis of the MCBR based on an indirect cycle is presented in 
American-Standard report ATL—A-102, copies of which have been submitted to 
the staff, Joint Congressional Committee on Atomie Energy. 
drawn from this evaluation are summarized as follows: 

1. A mercury-cooled breeder reactor (MCBR) is feasible and econom- 

ically promising. 

2. A substantial reduction in capital cost and an increase in efficiency 
are realized over the sodium-cooled system, especially if a direct cycle is 
used, employing a mercury turbine binary cycle. 

3. Based on conservative estimates, the fuel-cycle costs for the MCBR 
compare favorably with sodium-cooled systems. 

4. Equipment and materials requirements can be met with present 
technology. 


The conclusions 


In addition to the evaluation, heat transfer experiments have been carried 
out by American-Standard which have verified that the high heat transfer 
rate required by nuclear applications are attainable with boiling mercury. 


REACTOR POWERPLANT DESCRIPTION 


In a boiling mercury breeder reactor, the reactor core consists of metallic, 
partially enriched uranium fuel elements clad with a low-alloy steel which 
is and has been available commercially in large quantities for many years. 
The fuel elements are cooled with mercury which is allowed to boil in the core. 
It has been experimentally demonstrated by American-Standard that the very 
low density liquid-vapor mixture of mercury which is produced in the core can 





1“A Proposal To Evaluate a Fast Breeder Reactor, Using Boiling Mercury as a Coolant,” 
p. 471. 
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sustain very high rates of heat removal without the danger of overheating 
that is commonly experienced with other boiling reactor coolants. 

The power generating portion of the plant consists of either: 

1. An indirect cycle, in which the mercury vapor exchanges its heat in an 
intermediate heat exchanger to produce steam which is passed through a steam 
turbine, or 

2. A direct cycle, in which mercury vapor passes directly to a mercury vapor 
turbine. Low-pressure mercury vapor leaving this turbine is in turn used to 
generate steam which produces additional electric power in a steam turbine. 

The first frontispiece shows a pictorial representation of an indirect-cycle 
mercury-cooled breeder reactor; the second frontispiece shows a direct-cycle 
plant schematic, while the third is an external view of an overall MCBR plant. 
Simplified flow diagrams of both cycles are shown in figures 1 and 2. 

In the indirect cycle, no mercury enters the turbine. This procedure is 
equivalent to replacing the sodium in a _ sodium-cooled plant with boiling 
mercury. Superheated steam at about 900 degrees I. is produced for use in 
a conventional steam turbine-generator plant. 

Evaluation work to date has been based upon the indirect cycle, thus permit- 
ting a direct comparison with sodium-cooled systems. However, the indirect 
evcle places the mercury system at great disadvantage in such comparisons. 
The direct, or binary cycle has many economic and operating advantages. It 
is the one currently in use in conventionally fueled mercury powerplants. 
Hence, a great deal of mercury technology and handling experience is available 
for this application. Sufficient work has been done by American-Standard 
on this cycle to indicate its technical feasibility. 

The radiation activity problem with mercury is orders of magnitude less 
severe than with sodium, since the gamma rays found are weak and of short 
half life. Also, the ever-present fire hazard of sodium is completely elimi- 
nated. - There is no reaction with water or air as is true in sodium systems. 
Hence, the direct cycle promises a beautiful simple powerplant of extremely 
high thermal efficiency, which could result in as much as a 30-percent increase 
in electric output per unit of precious fissionable naterial consumed. 

In the direct cycle, mercury vapor is passed directly from the reactor to a 
mercury turbine, then condensed by the generation of stream, which in turn 
passes to a stream turbine. Greatly improved thermal efficiency is achieved by 
expanding the mercury vapor through a turbine before it is condensed to pro- 
duce lower temperature steam. Thus the two intermediate heat exchangers of 
the sodium-cooled system are eliminated and replaced by one lower temperature 
mercury-to-water steam generator. 

It is usually, but incorrectly, believed that mercury toxicity caused the wide 
spread use of the mercury-cycle powerplant to be curtailed. The actual cause 
was the economic disadvantage occasioned by an increase in the cost of mercury 
occurring simultaneously with improvements in steam-cycle economics through 
technological development. Since a direct steam cycle cannot be used in fast 
breeder reactor systems, mercury is definitely more attractive for breeder 
reactor plants than for conventional powerplants. 


COSTS 


The estimated costs of producing power in the MCBR are shown in tables I 
and II. In table I, the MCBR costs for a conservatively designed first proto- 
type power reactor equivalent to the Enrico Fermi may be compared with simi- 
lar costs for other reactors when they were in approximately equivalent stages 
of development. Even at this early stage of the MCBR program, the lower 
capital cost advantage is apparent. Lower capital costs are a result of the 
simple, low-pressure system, the low-cost container material, the minimal 
shielding requirements of activated mercury, and the chemical compatibility 
of mercury with air and water. Fuel costs show little difference from the 
initial estimates of the sodium-cooled Enrico Fermi plant. 

The potential for market reductions in the total power cost for the MCBR 
that would result from an orderly development of the concept are apparent in 
table II, Here, projected designs for the MCBR plant are compared with simi- 
lar projected designs for sodium-cooled breeders as prepared by the Detroit- 
Edison Co. and by the AEC. The plutonium cycle is utilized in all of these 
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plants rather than the U™ cycle. Note that in all comparisons with the so- 
dium-cooled breeder reactor power costs, the MCBR has significantly reduced 
capital costs, resulting in a marked decrease in total power cost. Note also 
that a total power cost of 7.3 mills per kilowatt-hour is estimated as a projected 
cost for a large plant on a basis equivalent to that used in the Commission's 
10-year program forecasts. Credit is taken for the foreseeable advantages as 
indicated in the various MCBR eases. The 7.3 mills per kilowatt-hour power 
eost compares favorably with the cost of power from conventionally fueled plants 
in all but the lowest fuel-cost areas. 

The cost estimates presented in the tables are based on a plutonium value 
of $12 per gram and a fissionable material inventory charge of 4 percent per 
annum. The standard AEC fixed-charge rate of 14 percent per year was used, 
which includes Federal and local taxes and insurance other than third party 
liability insurance. A breakdown of these charges is presented as table IX 
in the final report on the MCBR evaluation, ATL—A-102. <A plant load factor 
of 80 percent was assumed for all cases. Net station efficiencies for the direct- 
cycle mercury systems were estimated from existing data.? The operating and 
maintenance costs developed in the MCBR evaluation were used for all the 
100-megawatt (electrical) MCBR cases, and the value was arbitrarily halved for 
the larger reactor size. 


TABLE I.—Comparison of estimated power costs in large first-generation U.S. 
nuclear power stations 


| | First proto- | First 
| | type sodium-| prototype 
Dresden— Yankee Hallam— cooled plant | MCBR — 
Station—Reactor type boiling- Pressurized- Sodium Enrico Mercury- 
water water 4 | graphite | Fermi | cooled fast 
| Sodium- breeder 
| cooled fast (indirect 
breeder cycle) 
Net power, megawatt (elect al 180 110 75 100 100 
Net station etliciency, percent 28. 7 28 | 31.2 31.3 33.4 
Plant cost, dollar/kilowatt ei $400 $470 | $670 $570 $328 
Power cost, mills per kKw-hr: § | 
Capital charges 8.0 9.4 13.3 11.3 | 6.6 
Fuel costs 4.4 6.4 3.8 12.0 13.3 
Operating and maintenance. 2.1 2.1 1.0 2.0 1.5 
lotal 14.5 17.9 18.1 25.3 21.4 
1 These data are based on the conservative design considerations that are nominally adopted for the first 
plant of such a new and advanced type. The data are also based on the indirect cycle per the Commission’s 
request 
?The Shippingport reactor was the first large pressurized-water power reactor installed in the United 
States, but power costs were so high (64.4 mills/kw.-hr.) that the Yankee reactor at Rowe, Mass., affords a 
more realistic cost comparison 





3 Power costs were calculated from information available in published references. 





?Thompson Ramo Wooldridge Engineering Bulletin, vol. 3, No. 1, Mareh 1958. 
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PROGRAM 


These highly attractive aspects of the mercury-cooled breeder reactor con- 
cept have led American-Standard to formulate a program aimed at the eventual 
design and construction of a commercially feasible MCBR powerplant. This 
program was submitted to the Atomic Energy Commission as American-Stand- 
ard proposal P—1035 on August 28, 1959. The program consists of the following 
three phases: 


A. Phasel 


Phase I includes a title 1 design and detailed cost estimate, kinetics evalua- 
tion and hazards analysis, and an evaluation of several fuel-element and core 
configurations that offer promise for improved performance. 


B. Phase II 


Phase II consists of an experimental boiling heat transfer program to obtain 
engineering data, thus permitting the design of optimum core configurations, 
using the highest attainable heat transfer performance.* This phase also in- 
cludes a zero power experiment to insure appropriate loading in reactor test core 
and to verify the kinetics and control characteristics. 


C. Phase Ill 


Phase III includes an MCBR reactor test which will be designed and built to 
serve as a final demonstration of feasibility and to provide operating data for 
the detailed design and construction of the first prototype powerplant. Note that 
no materials program is envisaged. 

Figure 3 shows an estimate of the schedule and cost of the proposed program, 
while a more detailed account is given in P—1035. 

It is apparent from the total of less than $10 million that the cost of the pro- 
gram leading to and including the design of the first 100-megawatt prototype 
power MCBR is less than one-half of the capital cost saving accrued over a 100- 
megawatt sodium-cooled reactor powerplant. 

It is believed that the foregoing information supports the conclusion that this 
reactor concept is deserving of a significant place in the Commission's fast 
breeder reactor 10-year planning. American-Standard is prepared to undertake 
this program immediately. 

U.S. ATromic ENERGY COMMISSION, 
Washington, D.C., March 23, 1960. 
Mr. JAMES T. RAMEY, 
Ezecutive Director, Joint Committee on Atomic Energy, Congress of the United 
States 
Subject: Advanced Technology Laboratories’ proposal for further R. & D. of the 
mercury-cooled breeder reactor. 

DeEaR Mr. RAMEY: This is in response to your telephone request to Mr. Staebler 
on the above subject. 

The proposal that was offered to me was for $1,037,000, which we consider phase 
II work in the new reactor concepts program. I rejected this because more 
study is needed, particularly in reactor kinetics, before a decision can be made 
as to the attractiveness of this reactor concept. 

In other words, we consider that phase I is not yet complete. Therefore, we 
asked ATL to propose physics studies to provide the remaining information re- 
quired to evaluate the concept. We expect this proposal to be for about $50,000, 
and we are prepared to support this physics work if the proposal is satisfactory. 

Sincerely yours, 
FRANK K. PITTMAN, 
Director, Division of Reactor Development. 


Chairman ANnprrson. Our next witness is Mr. Lindseth. Will you 
proceed, please ? 


8 ne at its own expense has continued work in this area, with excellent 
results, 
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STATEMENT OF ELMER L. LINDSETH, CHAIRMAN, EDISON ELECTRIC 
INSTITUTE COMMITTEE ON ATOMIC POWER, ACCOMPANIED BY 
MR. KEARNEY 


Mr. Linpsern. Thank you, Mr. Chairman. 

Chairman Anperson. Mr. Cindeeth, you have been with us many 
times. Will vou state who you are representing in this presentation 
for the record / 

Mr. Linpseru. Yes, sir. Mr. Chairman, my name is Elmer L. 
Lindseth. Iam president of the Cleveland Electric Liluminating Co., 
and chairman of the Edison Electric Institute Committee on Atomic 
Power. The institute represents 195 operating companies serving 
97 percent of all customers of the investor-owned segment of the 
utility industry in the United States. ‘These customers comprise 77 
percent of our Nation’s electric users. 

It is in behalf of the Edison Electric Institute that 1 am testifying 
here today. This statement has been authorized by the institute’s 
committee on atomic power, the makeup of which is attached. We 
appreciate the opportunity to be heard. 


INVESTOR-OWNED UTILITY PROGRAM 


The Nation’s electric utility companies are today actively engaged 
in a broad and diversified industry program for the development of 
economically competitive nuclear power. 

Three nuclear powerplants in which investor-owned electric com- 
panies wre partic ipants are In operation; 11 company sponsored proj- 
ects are under construction, design or contract; and 3 are in the plan- 
ning stage, of which 2 are in active negotiations. The 14 projects 
that are either in operation under construction or under contract in- 
volve utility company expenditures of S485 million and embrace 6 
different reactor types. In total, these 17 nuclear power projects will 
involve utility expenditures of some $650 million and aggregate some 
1,800,000 kilowatts 

Chairman Anprrson. Could you tell us how many kilowatts are 
under construction / 

Mr. Linpseru. Yes. We have that in the appendix, Mr. Kearney, 
our staff man, will get that figure for us. 

Should I procee vd, sir? 

Chairman Anprrson. Yes. 

Mr. Linpseru. Utilities are also participating in nine other nuclear 
research, development, and study projects, involving substantial ex 
penditures. Some of these will no doubt lead to additional reactor 
construction projects. As of the end of 1959 utilities have spe nt on 
these and the previously mentioned nuclear power projects approxi- 
mately $230 million. This is about 50 percent more than the year-end 
1958 cumulative figure. This large increase is due mainly to construe- 
tion expenditures during the year for several large nuclear plants. 
In all, 152 utilities are partic ipating in these programs. These com- 
panies and the various utility projects are listed in appendix I. 
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PROGRESS DURING PAST YEAR ON UTILITY PROGRAM 


During the past year an additional electric utility company-spon- 
sored project was announced, one large power reactor attained initial 
criticality, and major progress was achieved on other nuclea: 
ects already underway. 

Consumers Power Co. announced it will build a 50-megawatt high 
power density, boiling water reactor powerplant for 1962 operation. 
At present Consumers Power Co. and General Electric Co., equip- 
ment manufacturer for the project, are negotiating a contract with 
the Atomic Energy Commission for certain research and develop- 
ment. The utility applied for a construction permit early this year. 

The 180-megawatt Dresden nuclear powerplant attained criticality 
on October 15, 1959. Construction is complete. The fuel loading pro- 
gram, inc luding necessary testing, is now in progress after some nor- 
mal startup difficulties were experienced. The project is expected to 
be ready for full operation by the middle of 1960. The Yankee 
project also is expected to be in operation in the latter part of 1960. 
Construction of the Enrico Fermi project is expected to be essentially 
complete by October 1960. Insertion of fuel and low _— testing 
will begin shortly thereafter. About 1 year of low to full power 
testing is scheduled. 

During 1959 the AEC modified its contract with Northern States 
Power Co. and Central Utilities Atomic Power Associates to include 
an internal nuclear superheater for the Pathfinder project. The 


‘ proj- 


. Com- 
mission also signed contracts with Philadelphia Electric Co., Caro- 


linas Virginia Nuclear Power Associates, Inc., and East Central Nu- 
clear Group-Florida West Coast Nuclear Group. The two latter 
groups, plus Northern States Power Co. and Pacific Gas & Elec tric 
Co. also applied for construction permits during the year. The Sax- 
ton Nuclear Experimental Corp. signed a contract with Westinghouse 
Electric Corp. and recently was granted a construction permit by 
AEC. 

The Indian Point nuclear powerplant is 60 percent complete and 
is e “Sn to be in operation by 1961. Preparatory fieldwork on the 
Pathfinder plant began in 1959 and construction on this plant, the 
Parr Shoals plant of CVNPA, and the Humboldt Bay plant of 
Pacific Gas & Electric Co. is scheduled to start early in 1960. 

The utility industry continued to obtain valuable experience from 


the three reactor projects operating on utility systems 


Ship} pingport, 
Vallecitos, and Santa Susana. 


In the field of thermonuclear research a project jointly sponsored 
by the Texas Atomic Energy Researe *h Foundation and General Dy- 
namics is going into its third year 

During | the year the seven m: jor electric power companies in New 
York State formed an organization to investigate the most efficient 
and economic means of supplying the future electric power needs of 
the State. Among other things the group, known as E mpire State 
Utilities Power Resources Associates, has begun a continuing study of 
nuclear power so that future decisions for major thermal pow erplants 
on the New York State integrated electric system will give full con- 
sideration to the feasibility and the economics of nuclear powerplants. 








39) DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


Details on all the projects and a listing of the participating com- 
panies are shown in the appendixes. 

Five utilities and Davidson Chemical Division of W. R. Grace and 
Co. formed the Industrial Reprocessing Group to undertake a study 
of the technical and economic feasibility of the design, construction, 
and operation of a privately owned facility for the processing of 
spent nuclear fuels. The five utilities are: Commonwealth Edison 
Co., Consolidated Edison Co. of New York, Inc., the Detroit Edison 
Co., Northern States Power Co., and Y ankee Atomic Electric Co. 


NATIONAL POLICY OBJECTIVES 


As we have heretofore testified, the Edison Electric Institute con- 
curs in the nuclear power policy objectives proposed by the Chair- 
man of the Atomic Energy Commission last year and reaffirmed by 
him last week. These objectives, namely, to reduce the cost of nuclear 
power to competitive levels in high fuel cost areas of this country 
within this decade, to assist friendly nations to do likewise some- 
what sooner, and to maintain U.S. world leadership in the peaceful 
applications of nuclear energy, are of vital importance to the Nation’s 
electric utility industry. 

For this reason we are devoting substantial resources of manpower, 
experience, organization, and financial support to the successful at- 
tainment of these objectives. 

We wish to point out, however, as we did at last year’s hearings, 
that— 


Healthy, ultimate utilization of atomic energy will only take place with electric 
power companies, manufacturers of equipment and other interested industries 
working together, without the requirements of special restrictions, special forms 
of assistance and the extent of direction by Government, which presently exists. 
The role of Government required during the transition period to 
economic nuclear power should not be allowed to perpetuate Govern- 
ment’s activities in the nuclear power field or to hamper the participa- 
tion of private industry in the civilian nuclear power program. Full 
utilization of our industrial complex is needed 1f we are to attain the 
goal we have set for ourselves. 

Hence, we again propose a fourth objective, as we did at last year’s 
hearings, that the development of nuclear power be brought as soon 
as possible and as nearly as possible within the framework of com- 
mercial development of conventional energy sources. 

To fulfill this objective, we urge that greater use be made of the 
facilities of private industry i in all phases of our nuclear power pro- 
gram, 1.e., power generation, fuel reprocessing, general research and 
development, ete. Our country’s nuclear power policy objectives will 
be attainable at minimum cost to the taxpayer when the cost-cutting 
incentives and initiatives of industry are utilized to their maximum. 


PROGRAM TO FULFILL NATIONAL POLICY OBJECTIVES 


Developments during the past year reaffirm our belief that emphasis 
should continue to be placed on research and development with actual 
plant construction carried out at a rate consistent with research 


achievements. Events of the year also reconfirm the need for intensi- 


fied fuel element technology research and engineering. 
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Prototype reactor plants should be built to demonstrate the tech- 
nical feasibility and economic merits of promising new reactor con- 
cepts or modifications. Large-scale reactors of any type generally 
should be installed only when there is reasonable assurance that a 
sponsoring utility system can produce electric power from the pro- 
posed nuclear plant substantially competitive with power generated 
from a similarly sized conventional unit in the same area. Necessity 
for excessive extrapolations from a prototype plant in designing the 
large-scale plant or assumptions concerning its oper ations and eco- 
nomics are not in accord with good utility practices, probably justify 
the conclusion that the type of reactor under consideration is not 
yet ready for large-scale construction. In such a case, it would be 
preferable to spend the equivalent money and manpower required 
for the project on more research, development, and engineering in 
the prototype stage. In fact, these tests of reasonableness of assump- 
tions and the degree of extrapolation should be applied at every stage 
in the development of reactor concepts. 

There is no general agreement that any one reactor or class of re- 
actors is superior to all others. For this reason we believe that we 
must necessarily continue to investigate a number of reactor concepts. 
The utility industry is today building, designing, or investigating 
six different reactor types. But as has been pointed out before, a 
commitment to investigate a concept should not imply that the de- 
velopment must be continued to the ultimate construction of a large 
scale plant or even a prototype plant. Reactor concepts with inade- 
quate promise of ultimate success should be dropped or deferred in 
favor of more promising concepts. 

Continuous evaluations of reactor types should be made and our 
experience utilized to establish engineering and cost criteria. How- 
ever, We caution against any program that is unduly rigid and any 
policy formulated on the basis of specific and inflexible target dates. 
The program for achieving our objectives should be continually 
reevaluated from time to time in the light of prevailing conditions 
and technical progress. Adequate provisions should be made for 
individual decisions and efforts outside the framework of any interim 
Government program. Unsolicited projects for new power reactor 
concepts proposed by industry in furtherance of the objectives should 
not only be accepted but also encouraged. As we pointed out in our 
testimony last year, rigidity in the program may impede adequate 
exploitation of new developments. 

Chairman Anperson. Before you start the next section, will you 
co back to the prev ious page and relate that last paragraph to what 


is going on in the British and in the General Dynamics-Philadelphia 
Electric gas-cooled reactor ? 


Necessity for excessive extrapoliations from a prototype plant in designing 
the large-scale plant or assumptions concerning its operation and economies 
that are not in accord with good utility practices, probably justify the con- 
clusion that the type of reactor under consideration is not yet ready for large- 
scale construction. 

In the General Dynamics- Philadelphia Electric case, there is cer- 
tainly a vast area that is just plain extrapolation. There is no reac- 
tor or prototype for that reactor, is there ? 

Mr. Linpsern. That is my understanding. 
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Chairman Anperson. Would you be in favor of building the Phila- 
delphia plant or rejecting that ? 

Mr. Linpseru. I am in favor of the program as it is presently i 
progress at Philadelphia; namely, to do the ultimate job in two oteps: 
to wit, step one with metal-clad fuel elements based on which experi- 
ence will be achieved for the ultimate impervious graphite-clad ele- 
ments. This is a two-step program with very extensive research and 
development. 

Chairman ANDERSON. That is still a jump, isn’t it ? 

Mr. Linpsrrn. Yes, it is. It is technically a very advanced re- 
actor. 

Chairman Anperson. That reactor is to cost about $40 million. 
Are you familiar with the figures on how much the Government is 
going to put into it ? 

Mr. Linpsern. My impression is $14.5 million of research and de- 
velopment as between the AEC and General Dynamics. 

Chairman ANprerson. No, that is all Government money 

Mr. Linpseru. That is Government money, plus probably normal 
waiver of fuel charges. 

Chairman Anperson. That is not all. In addition to that, there is 
a lot of money that is research and development from the private 
utilities that is 52 percent Government money. 

Mr. Linpseru. I don’t believe it is 52 percent Government money 
if it. is utility money. 

Chairman Anperson. Is that so? 

Mr. Linpseri. I don’t think the Government has any rights to 
money until it is earned. 

Chairman Anprerson. You mean if they don’t use that money, they 

don’t pay it to the Government in taxes. I happen to know a com- 
pany in which some people I am associated with have a little interest, 
and they are making a contribution to various reactors. If they did 
not make that contribution, wouldn’t that money be available for 
taxation? I am trying to find out how much of this money is Gov- 
ernment money. I don’t regret it, because I voted for this project 
enthusiastically. You have dampened my ardor a little bit. You 
say they should not be built and you should not have excessive ex- 
trapolations and that was the very point that Dr. De Hotfmann made 
when he presented the plan to me. He brought it to my hometown a 
year ago and pointed out this did represent a very advanced extra- 
polation, but gave us a chance to take a very large jump ahead of the 
rest. of the world. On that basis I thought it was a good idea. 

Mr. Linpsern. I concur. 

Representative Hosmer. Mr. Chairman, may I ask another ques- 
tion on the same section? I keep hearing about Texas utilities ther- 
monuclear program all the time but nobody hears what it is or how 
much money is being spent. Do you have any idea what they are 
doing? 

Mr. Linpseru. Yes, I think we have. Could I defer the answer 
to the question until we look it up so we may give you a precise 
statement ? 

Representative Hosmer. Yes, of course. 

Chairman Anverson. In this project Dr. Teller is the consultant 
for General Dynamics, isn’t he? 
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Mr. Linpseru. I am not familiar with the internal General Dy- 
namics organization on it. 

Chairman Anprerson. Are you familiar with Project Turret ? 

Mr. Linpseru. No, sir; 1am not. 

Chairman Anprerson. I was wondering if you thought Project 
Turret was in any way connected with the gas-cooled reactor develop- 
ment ¢ 


Mr. Linpseru. I am not familiar enough with the details to have 
an opinion. 

Chairman Anpvrrson. It is an expenditure of Government money 
on the very thing that would be needed to make the gas-cooled reactor 
work. 

a ntative Hoxirrerp. As I understand it, your testimony is 

gainst that type of assistance by the Government. 

ty Linpseru. And the specific type is what ? 

Representative Horirmrp. Against the type of assistance which is 
in this sentence that the chairman has just questioned you about, the 
necessity for excessive extrapolations from a prototype plant or as- 
sumptions concerning its economics that are not in accordance with 
good utility practices probably justifies the conclusion that the type 
of reactor under consideration is not vet ready for large-scale con- 
struction. So you would be against that type of assistance by the 
Government ? 

Mr. Linpsernu. If the project under consideration were large scale 
in the sense we are currently using the term, that is of the order of 
two or three thousand kilowatts, we wouldn't favor it. But I think 
in the Philadelphia case we are talking somewhat less. 

Representative Hoxtrreip. You should use large scale in the con- 
text of the steps that preceded it, and there have been no steps that 
preceded this at all. This is a large step for a new type which has 
not had the preliminary experiment: aland prototype development. It 
goes into about a $40 million project. Of course, you don’t rate that 
altogether on kilowatts. You rate it on the history of the type of re- 
actor. You have just explained that such a type of reactor would not 
yet be ready for large-scale construction. 

Mr. Linpseru. We may be using prototy pe in a different sense from 
the one you now describe. In the sense we are using the term, it 
describes the Philadelphia Electric reactor and we ¢ onsider that to be 
a prototype. 

Representative Horirrmrp. You say if its operation and economics 
are not in accord with good utility practices it would probably justify 
the conclusion that it was not ready to be built. We have gone ahead 
and put up a total of $16 or $17 million in fuel waiver and in direct 
research from the Government on that. I would have to come to the 
conclusion that you would be against that type. 

Mr. Linpseru. We didn’t intend that, Mr. Holifield, because we 
do not consider the Philadelphia reactor to be what we are here calling 
large-scale construction. We consider it a prototype and it is the kind 
of a reactor project which we endorse, namely, to confine our engi- 
neering, development, and research efforts to re eactors of that char acter 
and not move to the 250,000- or 300,000- kilowatt size if they require 
excessive extrapolation. 

52950—60——26 
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Representative Hoxirretp. Then you are in favor of Government 
assistance on that size? 

Mr. Linpseru. Yes, we are. 

Representative Hotirretp. On page 6, you say: 

Unsolicited projects for new power reactor concepts proposed by industry in 
furtherance of the objectives should not only be accepted but also encouraged. 

Is this what you mean by encouraged, that the Government should 
put up some of the money on research and development ? 

Mr. Linpseru. Yes. 

Representative Hotirretp. How do you reconcile that with page 4, 
where you quote what you said last year, where you said: 

We wish to point out, however, as we did at last year’s hearings, that “Healthy 
ultimate utilization of atomic energy will only take place with the electric power 
companies, manufacturers of equipment, and other interested industries working 
together, without the requirements of special restrictions, special forms of as- 
sistance, and the extent of direction by Government which presently exists. 
What do you mean by the special forms of assistance ? 

Mr. Lixpseru. The type you are describing. We look on the pres- 
ent period as a transition period to what we : hope will ultimately be 
a commercial industry able to operate without the special assistance 
of Government, and the special direction from Government, and that 
the peaceful generation of nuclear power will take its place alongside 
coal-burning ‘plants or oil-fired burning plants as a normal operation. 

Representativ e Houirretp. The committee has always taken the po- 
sition that the ultimate goal is economic plants. Some of us have felt 
that a transition per iod in which these encouragements and special 
assistance were justified. I wanted to be sure you are not condemning 
that. principle. 

Mr. Linseru. We are not; no. We look forward to the day, as 
you said the committee does, when this will take its normal commercial 
place. 

Chairman ANnperson. Since he has gone back to that sentence, you 
mentioned two large reactors that are in the negotiation stage. "One 
of them may have to do with Pacific Gas & Electric, and one may have 
to do with Southern California Edison. It is my understanding that 
in both those instances there would need to be substantial amounts 
of money in the nature of Government research and development still 
required, possibly as much as 6 to 8 million on each one. Would 
you think that was a special form of assistance ¢ 

Mr. Linpseru. Yes. I would think that would be a special form of 
assistance. 

Chairman Anprerson. And you would not favor that ? 

Mr. Lanpseru. No, I don’t believe we have said that in this transi- 
tion period we would not favor that. But we look forward to the 
day when ultimately it won’t be needed. 

Chairman Anperson. I look forward to it, too, but I am still trying 
to read the English language. 

Healthy ultimate utilization of atomic energy will only take place with electric 
power companies, manufacturers of equipment, and other interested industries 
working together, without the requirements of special restrictions, special forms 
of assistance, and the exent of direction by Government which presently exists. 

Mr. Linpseru. The key to what we are intending by the sentence 
is the word “ultimate.” 
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Chairman ANnperson. I just wanted to be sure that if I voted for $6 
million to help GE or Westinghouse on these things I was not going 
to have the U.S. Chamber of Commerce against me. 

Mr. Linpseru. I can’t speak for the chamber of commerce. 

Chairman ANpberson. But you can for the institute and it will be 
all right. You will give us a badge of courage on that to go ahead. 
I frankly think that we ought to do it and put up some money. I 
have said so and believe so still. 

Mr. Linpseru. We will resume near the bottom of page 6, the 
present and future status. 

The institute believe that progress to date in the U.S. program of 
civilian nuclear power development has been both substantial and ade- 
quate on the basis of all domestic considerations. And in the light 
of recent developments abroad, it also is clear that our progress is 
adequate to meet the requirements of friendly nations there. 

Developments in England, Europe, and Russia all indicate that 
the immediate need for nuclear powerplants abroad is not as pressing 
today as anticipated a year or two ago. 

These developments abroad emphasize the reduced worldwide in- 
terest in uneconomical large-scale nuclear reactor plants. Our domes- 
tic nuclear power development program recognizes this and is moving 
ahead as rapidly as economics and our national objectives require. 

Our industry is confident of the ultimate economic use of nuclear 
energy for the production of electricity and has, therefore, invested in 
nuclear power projects amounts substantially in excess of the equiva- 
lent cost of conventional plants. Recently, in reply to a request of the 
U.S. Senate Select Committee on National Water Resources, the Edi- 
son Electric Institute submitted estimates of how the future loads of 
the investor-owned segment of the electric utility industry will be 
served. The estimates indicated that about 7,700,000 kilowatts of 
nuclear capability will be in use by 1970, and about 38,900,000 kilo- 
watts by 1980 under the conditions assumed in this report. Appendix 
No. VI summarizes the nuclear power estimates submitted to the select 
committee. Further data bearing on the point are in the records of 
that committee. 

Mr. Ramry. How many plants does that contemplate by 1970? 

Mr. Linpsern. Can we put it together from data we have ! 

Mr. Kearney. I think it would be difficult. 

Chairman Anperson. I may be wrong, but I thought the Edison 
Electric Institute material submitted to the select committee was 
pretty good. It was not based on plants. It was based on demand 
and total national demand and it showed that a percentage of that 
might be developed from nuclear energy. 
down into individual plants. 

Mr. Kearney. We did not break it down into individual plants, but 
types of generation, hydro, nuclear, and so forth. | 

Mr. Ramey. If you divided that by 200 megawatts for each plant, 
that would be 35 or 40 plants. That is a lot of plants by 1970. 

Mr. Linpsern. Yes, it is. 

Mr. Ramey. Compared to what the Commission has in its 10-year 
program, and even its optimum ideas on getting down to 7-mill power. 

Mr. Linpsretu. Possibly it would be helpful if we submitted as a 
supplement to this statement a brief section that I don’t have with me 


I don’t believe you broke it 
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from the report to the select committee which describes these tables 
and the conditions under which the assumptions were made. We will 
file that by supplement. 

Chairman ANpErRson. Will you do that, please? We will insert it 
in your testimony at this point, because I think it is interesting. 

(The information referred to follows :) 


EDISON ELECTRIC INSTITUTE, 
New York, N.Y., February 25, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, Congress of the United 
States, Washington, D.C. 

DEAR Mr. RAMEY: * * * 

I have enclosed the additional information Mr. Lindseth indicated he would 
supply to you. This information consists of the breakdown according to project 
status of the total kilowatts in the utility industry’s nuclear power program and 
the reference made to nuclear power in the Edison Electric Institute report to 
the Select Committee on National Water Resources. 


*x * a * * * * 


You will note that the section on nuclear power taken from the select com- 
mittee report shows total capability and estimated expenditure figures that are 
different from those that are shown in Mr. Lindseth’s “202” statement. The 
addition of the Southern California Edison Co. project and an increase in ca- 
pacity for the Pacific Gas and Electric Co. project (200 to 300 megawatts) aec- 
count for the differences. 

Sincerely, 
JOHN J. KEARNEY, 
Secretary, Committee on Atomic Power, 


NUCLEAR POWER 


(From Edison Electric Institute report submitted to Select Committee on 
National Water Resources, January 1960) 


The expected installation of nuclear capacity by 1970 and 1980 in the several 
regions by the investor-owned systems was shown in table V. Because of the 
present state of the art, any long-range forecast must necessarily be speculative. 
The industry is aware of the importance of developing this new form of energy 
as rapidly as it is feasible to do so. Evidence of this is the participation of 
so many of the investor-owned utilities in the development of nuclear projects 
now in various stages of study, design, construction, and operation. One hun- 
dred thirty-one of these companies are engaged in this effort. The projects 
in which electric power companies are presently participating will have an ulti- 
mate combined capacity of about 1,400,000 kilowatts and will require an esti- 
mated expenditure by the companies of more than $570 million on these projects 
alone. 

Exerience gained from these projects should provide by 1965 a better perspec- 
tive for future development. In the absence of this experience, the industry 
can only rely on its best judgment and the views of authorities in the field. The 
national objective of our country is to achieve competitive nuclear power in the 
higher cost fuel areas of the United States within 10 years. The investor-owned 
utility industry subscribes to this objective. Many new and improved designs 
of nuclear plants are under development. Fuel for such plants is also being im- 
proved. However, the cost of power is still high, but the margin over fossil fuel 
power is narrowing. The rate at which nuclear power will gain on fossil fuel 
is difficult to predict but the estimates in table V are based on the best opinions 
available at the moment. 

By 1970 about 7,700 megawatts of nuclear capability is projected for use in 
serving the loads of the investor-owned utility systems. This will represent about 
8 percent of 1970 total capability projected by the investor-owned systems. 
Similar estimated figures for 1980 are 38,900 megawatts of nuclear capability 
representing about 8 percent of the total investor-owned capability in service. 
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As would be expected, substantial amounts of nuclear capability will probably 
be installed in the high fossil-fuel cost sections of the country. For example, in 
1970 it is expected that about 7 percent of the investor-owned capability in the 
New England area will probably be nuclear. By 1980 this percentage is ex- 
pected to be 16. Comparable percentages of nuclear capability in region VIII are 
expected to be 5.2 percent in 1970 and 19.2 percent in 1980. 

Should future development increase the competitive position of nuclear power, 
nuclear capability would merely displace future projected conventional thermal 
capacity and have only an insignificent influence on hydro development. 

Until nuclear plants are developed for and operated at higher steam pressures 
and temperatures, they will require somewhat greater amounts of cooling water. 
However, ultimate comparable steam conditions will probably be achieved. 


Nuclear power program of investor-owned utility companies (status as of 
Feb. 15, 1960) 


In operation on utility systems (or capable of operation) 


Project 
number? Project Capacity in kw. 
ROE on ia eae lee hl le 60, 000 
Te UMN a i a re as cd ce 5, 000 
Ae. | ROCMREI oC OU aa ick Gach dpc coheed keane aeki ns eed eee 7, 500 
ics an ca Nik a a ree 72, 500 
Under construction, design or contract 
4 Dresden. (eritieal October 1900)... 180, 000 
5 Indian Point (construction 60 percent complete) ~~ _-____ $275, 000 
6 Pathfinder (preparatory field work started 1959) ___________ 66, 000 
7 Humboldt Bay (construction to start in April 1960) _____- 50, 000 
S Fermi (construction scheduled for completion October 1960) _ 100, 000 
» Yankee (it -operstieh 1900) i628 i 134, 000 
10 Parr Shoals (construction to start, spring 1960) ___-______ 17, 000 
11 ECNG-FWCNG (research and development underway) ---- 50, 000 
12 Peach Bottom (contract signed with AEC) ~~... -_-____ 40, 000 
13 Saxton (construction to start early 1960)_......________- 5, 000 
14 Big Rock Point (construction scheduled April 1960) a 50, 000 


Total Seed ee - 967, 000 


In various planning stages 


ES. ERGO RUMREO Ge RUROCCEIO DOVE io i ect £200, 000 
Ree Ea: GS: Re Se We ere ces ace © 300, 000 
Ti 6Southern Catiftomis Edison Ooz........._... es A * 300, 000 
NN hic alc a ce acd dal eg a a ace ae i tl S00, 000 

Total utility program Kw. 
RY QO CN es ete ees no le ge Be 72, 500 
Under construction, design; or contract... see ee tececans 967, 000 


OI ciate ei a ai a a ae a Th Mi al i 800, 000 


SN en ic sce oi tc ie ha cg ec anc at i ac ek oa eee 1, 839, 500 
1 Project number refers to identification used in Edison Electric Institute 202 statement. 
? Status of project taken from Edison Electric Institute 292 statement. 

SInecludes capacity of fossil-fueled superheater. To obtain only total nuclear capacity 


subtract 135,000 kw. from total capacity figure resulting in total nuclear capacity of 
1,704,500 kw. 

* Listed in Edison Electric Institute 202 statement as 200,000 to 300,000 kw. 

5 Listed in Edison Electric Institute 202 statement as 300,000 kw. or larger. 

6 Listed in Edison Electric Institute 202 statement as approximately 300,000 kw. 


Chairman Anprerson. I want to say that I thought there were some 
logical assumptions in the material submitted to the select committee, 
but compared to the 10-year program of the Atomic Energy Commis- 
sion, it looks very ambitious. However, one man’s guess is probably 
as good as another’s on what might happen in 10 years. 











398 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


ROLE OF GOVERNMENT AND INDUSTRY 


Mr. Linpsern. Where Government participation is required tem- 
porarily in the civilian nuclear power program it should be a con- 
stantly diminishing one in keeping with the principle set forth in sec- 
tion 1 of the Atomic Energy Act of 1954, namely, to maximize partici- 
pation in, and ownership ‘of, facilities by private enterprise. It is, of 
course, recognized that during this transition period it may be neces- 

sary that the AEC supplement industrial research and dev elopment. 
But the AEC should confine its civilian nuclear power activities to 
fostering research and development and investigating promising re- 
actor concepts. It should, to the maximum extent possible, use the 
services of private industry for research and development projects, 
reactor experiments, and the construction and operation of prototype 
reactors. All large-scale nuclear powerplants should be constructed, 
owned, and operated by operating utilities, either individually or in 
groups. 

In order to fulfill properly this ultimate objective of our national 
program, Government assistance should be continued for both proj- 
ects proposed by the AEC and unsolicited projects proposed by the 
utility industry. 


ROLE OF MANUFACTURING INDUSTRY 


The Atomic Energy Act of 1954 permitted industry for the first 
time to engage in its own nuclear- power activities. Private industry 
underst andably was undeveloped in the nuclear field at that time and 
not adequately equipped to carry the major burden of developing 
competitive nuclear power. But today the manufacturing indus- 
try’s capability to perform this function is available in most aspects. 
These capabilities should be used. Only when specific facilities do 
not exist in industry should Government-owned facilities be used. 
Not only should the AEC favor privately owned facilities in attempt- 
ing to satisfy our national policy objectives in this field, but it should 
also encourage and sponsor independent research and development. 
AEC, among other activities, should encourage the industrial devel- 
opment of fuel-reprocessing facilities, including financial assistance, 
if necessary. 

ROLE OF THE UTILITY INDUSTRY 


The utility industry should construct, operate, and own all large- 
scale power reactors. The circumstances under which large-scale 
reactors should be built have been stated earlier in this testimony. 
Prototype power reactors also should preferably be constructed, oper- 
ated, and owned by the utility industry. 

Utilities are singularly qualified to test the operating ability of 
power reactors on interconnected utility systems. Thus, the ultimate 
goal of competitive nuclear power can best be reached at minimum 
cost if maximum use is made of the facilities of the utility industry. 


RELATIONSHIP OF AEC TO UTILITY INDUSTRY 


In a truly free enterprise system, as a matter of principle, there 
is no proper place for Government ownership of commercial-type 
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power reactors. The AEC should not own reactors on any utility 
system, whether investor owned or otherwise. If a reactor concept 
has reached a stage in its development when it becomes essential to 
construct a reactor plant capable of generating electricity, such a 
project preferably should be built by the utility industry with such 
AEC financial and other support as is necessary to bring the project 
to fruition. 

Representative Horirretp. How can you say that, when it is evident 
from the history of this whole art that it was necessary to build 
Shippingport at Government expense ¢ That is on a utility system. 
It has been necessary to build Consumers of Nebraska because private 
industry would not pick up the ball and build those plants. 

Mr. Lrxpsern. At the time Shippingport was authorized, it is my 
understanding it could be built in no other way because it preceded 
the Atomic Energy Act of 1954, and could not have been owned by an 
electric utility system. 

Representative Horrrretp. How about consumers of Nebraska, and 
Santa Susana, and Elk River? 

Mr. Linpsern. I think Santa Susana was initially authorized as a 
recator experiment to be built by the Commission and, later, power- 
generating facilities were added. In the case of Elk Riv er, it would 
be my rec ollection that it is a second-round project offered only to a 
cooperative system. 

Chairman Anperson. You don’t say. You say the AEC should not 
own reactors or any utility system. 

Mr. Linpsern. We don’t believe, in our industry, that in a free enter- 
prise economy such as exists in the United States there is any proper 
place for the U.S. Government to own power-generating reactors or 
any utility system. We just do not believe that. 

Chairman Anperson. Whether it is round 1, 2, or 10, you just don’t 
believe in Elk River? 

Mr. LinpsetH. No; we do not believe in Elk River. 

Chairman Anperson. That is what I thought. You do not believe 
in Consumers Power of Nebraska. 

Mr. Linpsetu. We do not. 

Chairman Anperson. You don’t believe in the one that is going 
to be built at Oak Ridge? 

Mr. Linpsetu. No; : we do not. 

The institute is of the opinion that the current program underway 
is substantial and, when continued, will be adequate to meet the do- 
mestic objectives of our national nuclear- power program. Under the 
present world conditions, we believe it also will meet the international 
objectives of our program. Substantial utility industry resources, 
manpower, organization, and financial support are today being de- 
voted—and will continue to be devoted—-to the achievement of the 
Nation’s objectives in the development of nuclear eee 

Finally, we believe that maximum progress in the U.S. effort can 
be obtained at minimum expense to the taxpayer by pursuing our ob- 
jectives within the framework of our free enterprise system. 

I request to have filed with the record the six appendixes attached 
to this statement, which are a material part of it. Again, I would like 
to express the appreciation of the Edison Electric Institute for this 
opportunity to appear before your committee. 
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rs material referred to appears on p. 404.) 

Mr. Linpseru. Two questions are unanswered as of the moment. 
One is the first question of the chairman, the portion of the 1,800,000 
kilowatts which are presently under construction, and the figure is 
805,000 kilowatts. 

Chairman Anperson. The reason I questioned it was just, if I can 
read the language over again, because you say the 14 projects that 
are either in operation, under construction, or under contract involve 
an expenditure of $485 million. In total, these 17 nuclear-power proj- 
ects will involve utility expenditures of some $650 million and aggre- 
gate some 1,800,000 kilowatts. That was the figure that worried me, 
the 1,800,000 kilowatts, because I had once tried to total up the number 
of projects that are either constructed or under construction or under 
contract. If you will submit a list that totals up 1,800,000, I would 
be interested in seeing it, because I am afraid you are going to have 
to include things that are not in operation, under construction, or under 
contract. 

Mr. Linpsern. There are 14 projects which are in operation, under 
construction, or under contract. 

Chairman Anperson. You include Consolidated Edison as 275,000 
kilowatts, and it is only 145,000 nuclear. The rest is conventional 
steam. 

Mr. Linpseru. Yes; it has a fossil-fired superheater. 

Chairman ANnperson. So, we take 130,000 off that list. We can go 
on from there and find the ones that are under contract, not under 
contemplation now. 

Mr. Lrxpseru. If the semantics of the definition here would require 
that Indian Point would be rated only 145,000 within the context of 
the way we are speaking, we would reduce our totals by 130,000 kilo- 
watts for the capacity of the fossil-fired superheater at Indian Point. 

Mr. Ramey. That would be included in your figure of 805,000 under 
construction. 

Mr. Linnsern. Yes. Indian Point is rated 275 in our table. 

Mr. Ramey. But not in that 800,000 figure that you gave us. It 
would be rated at 145 there? 

Mr. Linpseti. No; it would be rated 275. 

Mr. Ramey. Then you would have to lower that. 

Mr. Linpsern. Yes; we would lower that to be speaking in the 
same terms. 

Chairman Anperson. That gives us 670,000; 670,000 is quite differ- 
ent from 800,000. How will you bridge the gap? We have been 

talking about missile gaps. Now, let us get to a power gap. There 
are 3 classes of reactors in the total of 17 we are describing. The 
number that we just added up for you are those presently under 
construction. You can name them by name. There are not so many 
of them. 

Mr. Linpseru. They are Dresden, Indian Point, Pathfinder, Hum- 
boldt Bay, Fermi, and Yankee. They total either 805,000, by our use 
of the term or 675,000 by the revised term. 

Then we have under contract but not under construction Parr 
Shoals, Florida-West Coast, HTRDA—that is Philadelphia-General 
Dynamics—Saxton, and Consumers, which total 162,000 kilowatts. 

Chairman Anprrson. So, 685 plus 162 is a total of 847. Now, I 
have a million more to find. 
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Mr. Linpsern. We have in operation Santa Susana, Vallecitos, and 
Shippingport. 

Chairman ANpDerson. Is Santa Susana in operation ? 

Mr. Linpsern. In the sense that it has operated; whether it is today 
or not, [am not informed. We had it rated 7,500 kilowatts. 

Chairman Anperson. That is not worth worrying about. 

Mr. Linpseru. Vallecitos is 5,000, and Shippingport is in these 
figures at 60,000. I think it probably could be rated higher. 

Chairman Anprerson. That is 72,000, and that would bring you up 
to 910,000 or something like that. 

Mr. Linpseru. Then, of reactors planned 

Chairman ANpERson. No; under contract now. They have to be 
under contract. 

Mr. Linpseru. The 17 reactors differ from those you describe. 
There are 3 plants in operation, 11 under construction, design, or con- 
tract, and 3 in the planning stage. The total is 17. 

Chairman ANnperson. We are going to add 300,000 for Pacific Gas 
& Electric, 300,000 for Southern California Edison, and what else? 

Mr. Linpseru. And 200,000 for New England Big, so called. It is 
the aggregate of all of those that make a total of 17. 

Chairman Anperson. I do point out to you that I don’t believe there 
has been any action by the board of directors of Southern California 
Edison or of Pacific Gas & Electric to sign any contracts with West- 
inghouse or GE on these. 

Mr. Linpseru. That is our understanding, as well. 

Chairman ANnperson. There are days when Mr. McCone, who has 
worked valiantly in this field, has been disappointed at the outlook. 

Mr. Linpseru. We have information in the appendixes contributed 
by both Southern California and P.G. & E. which state the status of 
their projects. 

Representative DurHam. Are there any further questions? 

(Discussion off the record.) 

Mr. Ramey. I was under the impression in your testimony last year 
that your group was not necessarily opposed to the Government con- 
structing these so-called experimental prototype plants, particularly 
where private industry had not expressed an interest in constructing 
a plant of that type, as in the case of this gas-cooled reactor at Oak 
Ridge. Although you might not be exactly cheering about it, you 
would, if this would fill a technological need, not necessarily object 
to it. 

Mr. Linpseru. I think that fairly states our position today. 

Mr. Ramey. That is a little different than just saying you are op- 
posed to it. 

Mr. Linpseru. We deplore the end result, and we think that they 
preferably should be done another way. But the condition of your 
question was that if, technologically, it is indeed a required step, it 
obviously should not be passed up for lack of acceptance of an invita- 
tion. 

Representative Price. Mr. Chairman, I would like to ask for clari- 
fication of the leadoff paragraph on page 5 of your statement, where 
you say, “To fulfill this objective, we urge that greater use be made 
of the facilities,” and so forth. Are there any “restrictions now in 
regard to this that would hamper private industry in these particular 
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items that you mention here? What were you thinking of there? 
There is no restriction against the utilities in the matter of power 
generation, fuel reprocessing, general research and development. 
Can’t you do those things now ? 

Mr. Lrypseru. This paragraph is broader than public utilities 
alone. 

Representative Price. That is the reason. I asked for clarification. 
I wanted to know what you were thinking of. 

Mr. Linpseru. This embraces the concept of the place of the normal 
commercial suppliers to our industry, the turbine manufacturers, the 
boiler manufacturers, and now reactor manufacturers, where in gen- 
eral we believe that the ultimate best objective will be achieved when 
work now being done in Commission facilities will be done in normal 
commercial facilities existing in industry, whether they be research, 
development, or manufacture. 

Representative Price. That is why I asked clarification of the para- 
graph. I can’t understand it. The power generation is done in most 
part by private industry, isn’t it ? 

Mr. Linpseru. There is some power generation on Commission in- 
stallations, such as the gas-cooled reactor at Oak Ridge, and there 
is no existing commercial fuel reprocessing. A study is just being 
undertaken. 

Representative Price. Are there any restrictions against commer- 
cial fuel-reprocessing plant ? 

Mr. Linpseru. I am not expert in the field, but my impression is 
that it could be developed as a commercial enterprise. 

Representative Horirtetp. As a matter of fact, the Commission has 
tried to get private industry into the fuel reprocessing for years and 
private industry cannot afford to do it, because up to this time the 
amount of fuel processing is so small and the cost of the plant to do 
the job is so large that all of it is done at tremendous loss. Therefore, 
if we are going to process the fuel from Commonwealth and Dresden 
and the rest of these privately built plants, this is part of your subsidy. 
The Government is not charging, and has never charged, the cost on 
fuel reprocessing or in waste disposal. These are all subsidies that 
are being given to private industry at this time in order to help you 
on this job of development. This has been offered to private industry, 
fuel reprocessing. Great efforts have been made by the Commission 
to get this done by private industry, but it just simply is not economic, 

Representative Price. The point I wanted to bring out is whether 
or not there are any restrictions now against all this being done by 
private industry if private industry desires to enter the field. 

Mr. Linpseru. I think, as Mr. Holifield points out, the restrictions 
have been basically economic. 

Representative Price. That is the reason I wanted the paragraph 
clarified. 

Mr. Lixpsern. We hope the effort will be continued and ultimately 
there will be an industrial complex built up that can perform this 
service. 

Representative DurHam. You don’t see the point where the Gov- 
ernment will be out of this fuel business because of our security for 

weapons ? 
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Representative Hotirretp. We have to do it for the fuel rods that 
come from our weapons plants, such as Hanford, Oak Ridge, and 
others. Therefore, having this large establishment we can probably 
do the fuel reprocessing in such small amount as there is from industry 
alot cheaper than industry can do it itself. 

Representative Price. The reason I ask the question is because you 
said we urge that greater use be made of the facilities of private in- 
dustry. The reason I asked for clarification is because I want to know 
if we are ready for that or not. You say you don’t think they are 
because it is a matter of economics. How can we make greater use 
of it now, the economics of the program being what they are? I am 
not attempting to argue with you. 

Mr. LINDSETH. The sentence describes three phases of this effort, 
after the “i.e.”, to wit, power generation, fuel reprocessing, and gen- 
eral research and development. They are widely different in “the 
facilities available today to bring them about. Power generation we 
have described. If we go to the last, general research and dev elop- 
ment, we get to the generalized question that I think the chairman 
posed w ith regard to farming out research from Commission facilities 
to industrial facilities to the extent they can be utilized to carry on 
general research and development. Fuel reprocessing, which you 
have brought up, is as pointed out by Mr. Holifield today, able to be 
done only in the Commission facilities, because of lack of commercial 
facilities. A study is underway and mentioned in this report to 
determine whether it would be feasible to do that in industry, and we 
hope that the day will come when the fuel reprocessing industry can 
be a normal commercial industry. 

Representative Price. The Commission has frequently urged in- 
dustry to enter into this program. 

Mr. Linvseru. We hope that effort will continue even to the point 
of financial assistance to bring it about. 

Representative Barres. That will be along the lines of the recom- 
mendations of Mr. Townsend today when we talked about fuel re- 
processing and waste disposal and that type of thing. 

Mr. Linpseru. We would be hopeful on fuel reprocessing that it 
would not be a State sponsored facility but an industry sponsored 
facility. 

Representative Bares. He did not say whether it would be owned 
by the State. He said within the State. 

Mr. Linpseru. Yes. We would be hopeful of that. 

Representative Bares. I presume that he meant some Government 
assistance. 

Representative Hoxrrrecp. If you will yield, in his report to the 
State he did advocate a State donation to this facility. However, 
this was not accepted. It was a recommendation of the study com- 
mittee but not necessarily accepted by the Governor. 

Representative Bares. What you have in mind is a weaning away 
from the Federal Government more to the local area conducted by 
industry in conjunction with some aid. 

Mr. Linpsern. Yes. 

Representative Durnam. Let us put it another way. Suppose as 


of today, do you know any other way to do this job except under the 
licensing system 
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Mr. Linpseru. I would be sure it would have to be pretty carefully 
licensed, and have all of the normal accounting procedures for special 
materials. 

Representative DurHam. I realize there is a lot of redtape in se- 
curing licenses. ‘That has been one of the complaints. But I think 
it has worked fairly well so far. I don’t know how many have been 
granted since the 1954 act, but there have been quite a large number 
of them. We made an effort to get this done by private enterprise, 

Thank you very much. 

Mr. Linpseru. Thank you, sir. 

Representative DurHam. We will meet tomorrow again at 2 o’clock 
in the Old Supreme Court Room, P—63 of the Capitol. 

(The material referred to on p. 400 follows :) 


APPENDIX I 


ELEctTRIC UTILITY COMPANY PARTICIPATION IN NUCLEAR POWER 
DEVELOPMENT—STATUS AS OF FEs. 15, 1960 





NAMES OF ELECTRIC UTILITY COMPANIES PARTICIPATING IN NUCLEAR POWER 
STUDY, RESEARCH, DEVELOPMENT, OPERATING, AND CONSTRUCTION PROJECTS 

Projects in operation 

1. Duquesne Light Co. (Shippingport) 

2. Pacific Gas & Electric Co. (Vallecitos) 

3. Southern California Edison Co. (Santa Susana) 


Projects under construction, design or contract 
4. Commonwealth Edison Co. (Dresden) 
Nuclear Power Group: 
American Electric Power Service Corp. 
Central Illinois Light Co. 
Commonwealth Edison Co. 
Illinois Power Co. 
Kansas City Power & Light Co. 
Pacific Gas & Electrie Co. 
Union Electric Co. 
5. Consolidated Edison Co. of N.Y., Inc. (Indian Point) 
6. Northern States Power Co. (Pathfinder) 
Central Utilities Atomic Power Associates: 
Central Electric & Gas Co. 
Interstate Power Co. 
Iowa Power & Light Co. 
Iowa Southern Utilities Co. 
Madison Gas & Electric Co. 
Mississippi Valley Public Service Co. 
Northern States Power Co. 
Northwestern Public Service Co. 
Otter Tail Power Co. 
St. Joseph Light & Power Co. 
Wisconsin Public Service Corp. 
7. Pacific Gas & Electric Co. (Humboldt Bay) 
8. The Detroit Edison Co. (Enrico Fermi) 
Potomac Electric Power Co. 
Alabama Power Co. 
Central Hudson Gas & Electric Corp. 
Cincinnati Gas & Electric Co. 
Columbus & Southern Ohio Electrie Co. 
Consumers Power Co. 
Delaware Power & Light Co. 
Detroit Edison Co. 
Georgia Power Co. 
yulf Power Co. 
Iowa-Illinois Gas & Electric Co. 
Long Island Lighting Co. 
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Mississippi Power Co. 
Philadelphia Electric Co. 
Potomac Electric Power Co. 
Rochester Gas & Electric Corp. 
Toledo Edison Co. 

Wisconsin Electric Power Co. 


. Yankee Atomic Electric Co. (Yankee) : 


Boston Edison Co. 

Cambridge Electric Light Co. 

Central Maine Power Co. 

Central Vermont Public Service Corp. 
Connecticut Light & Power Co. 
Hartford Electric Light Co. 

Montaup Electric Co. 

New Bedford Gas & Edison Light Co. 
New England Power Co. 

Public Service Co. of New Hampshire 
Western Massachusetts Electric Co. 


10. Carolinas Virginia Nuclear Power Associates, Ine. (Parr Shoals) : 


Carolina Power & Light Co. 

Duke Power Co. 

South Carolina Electric & Gas Co. 
Virginia Electric & Power Co. 


11. East Central nuclear group; Florida West Coast nuclear group: 


Appalachian Power Co. 

Cleveland Electric Illuminating Co. 
Columbus & Southern Ohio Electric Co. 
Dayton Power & Light Co. 

Indiana & Michigan Electrie Co. 
Indianapolis Power & Light Co. 
Louisville Gas & Electric Co. 
Monongahela Power Co. 

Ohio Edison Co. 

Ohio Power Co. 

Pennsylvania Power Co. 

Potomae Edison Co. 

Southern Indiana Gas & Electric Co. 
West Penn Power Co. 

Florida Power Corp. 

Tampa Electric Co. 


12, Philadelphia Electric Co. (Peach Bottom) ; High Temperature Reactor De- 


velopment Associates, Inc. : 
Alabama Power Co. 
Arizona Publie Service Co. 
Arkansas Power & Light Co. 
Atlantie City Electric Co. 
Baltimore Gas & Electric Co. 
California Electric Power Co. 
Central Illinois Electric & Gas Co. 
Central Illinois Light Co. 
Central Illinois Public Service Co. 
Central Louisiana Electric Co., Ine. 
Central Power & Light Co. 
Cincinnati Gas & Electric Co. 
Cleveland Electric Illuminating Co. 
Delaware Power & Light Co. 
Detroit Edison Co. 
Gulf Power Co. 
Gulf States Utilities Co. 
Hawaiian Electric Co., Ltd. 
Idaho Power Co. 
Illinois Power Co. 
Iowa Public Service Co. 
Kansas City Power & Light Co. 
Kansas Power & Light Co. 
Kentucky Utilities Co. 
Louisiana Power & Light Co. 
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Mississippi Power Co. 

Mississippi Power & Light Co. 

Missouri Publie Service Co. 

Montana Power Co. 

New Orleans Publie Service, Inc. 19 
New York State Electric & Gas Corp. ee 
Niagara Mohawk Power Corp. 
Pacific Gas & Electric Corp. 
Pacific Power & Light Co. 
Pennsylvania Power & Light Co. 
Philadelphia Electric Co. 

Portland General Electric Co. 
Potomae Electric Power Co. 
Public Service Co. of Colorado. 
Public Service Co. of New Mexico. 
Publie Service Co. of Oklahoma. 
Public Service Electric & Gas Co. 
Puget Sound Power & Light Co. 
Rochester Gas & Electric Corp. 
St. Joseph Light & Power Co. 

San Diego Gas & Electric Co. 
Sierra Pacific Power Co. 

Southern California Edison Co. 
Southwestern Electric Power Co. 
United Illuminating Co. 

Utah Power & Light Co. 
Washington Water Power Co. 
West Texas Utilities Co. 

13. Saxton Nuclear Experimental Corp. (Saxton) : 
Pennsylvania Electric Co. 
Metropolitan Edison Co 
Jersey Central Power & Light Co. 
New Jersey Power & Light Co. 

14. Consumers Power Co. (Big Rock Point) 


—a_ 


Projects in various planning stages 

15. New England Electric System. 

16. Pacific Gas & Electric Co. 

17. Southern California Edison Co. 

Study, research, and development groups 

18. Atomic Power Development Associates: 
Alabama Power Co. 
Baltimore Gas & Electric Co. 
Central Hudson Gas & Electric Corp. | 
Cincinnati Gas & Electric Co. | 
Cleveland Electric Illuminating Co. 
Connecticut Light & Power Co. 3. Tey 





Consolidated Edison Co. of N.Y., Inc. ( 
Consumers Power Co. I ( 
Delaware Power & Light Co. | ] 
Detroit Edison Co. I 
General Public Utilities Corp. C 
Georgia Power Co. I 
Gulf Power Co. S 
Hartford Electric Light Co. S 
Indianapolis Power & Light Co. 1 
Jersey Central Power & Light Co. 7 
Long Island Lighting Co. | v 
Metropolitan Edison Co. "6. Emy 
Mississippi Power Co. C 
New Jersey Power & Light Co. | C 
New York State Electric & Gas Corp L 


Niagara Mohawk Power Corp. i 
Pennsylvania Electric Co. N 
Philadelphia Electric Co. 
Potomac Electric Power Co. 
Public Service Electric & Gas Co. 

' 

| 
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Rochester Gas & Electric Corp. 
Southern Services, Inc. 
Toledo Edison Co 

Wisconsin Electric Power Co. 
Wisconsin Power & Light Co. 

19. Atomic Power Engineering Group: 
Central Illinois Public Service Co. 
Central Louisiana Electric Co., Inc. 
Central Power & Light Co. 

Interstate Power Co. 

Iowa-Illinois Gas & Electric Co. 
Kentucky Utilities Co. 

Lake Superior District Power Co. 
Northern Indiana Publie Service Co. 
Public Service Co. of Indiana, Inc. 
Public Service Co. of Oklahoma. 
Southwestern Electric Power Co. 
West Texas Utilities Co. 

20. East Central Nuclear Group (see item 11) 

21. Nuclear Power Group (see item 4) 

22. Rocky Mountain-Pacific Nuclear Research Group: 
Arizona Publie Service Co. 
California Electric Power Co. 

Pacific Power & Light Co. 
Portland General Electric Co. 
Public Service Co. of Colorado. 
Publie Service Co. of New Mexico. 
Utah Power & Light Co. 
Washington Water Power Co. 

23. San Diego Gas & Electric Co. (participating in same project as Rocky 
Mountain-Pacifie Nuclear Research Group) 

24. Southwest Atomic Energy Associates: 
Arkansas Power & Light Co. 
Arkansas-Missouri Power Co. 
Central Louisiana Electric Co., Ine. 
Empire District Electric Co. 

Gulf States Utilities Co. 

Kansas Gas & Electric Co. 
Kansas Power & Light Co. 
Louisiana Power & Light Co. 
Mississippi Power & Light Co. 
Missouri Public Service Co. 

New Orleans Publie Service, Inc. 
Oklahoma Gas & Electric Co. 
Public Service Co. of Oklahoma. 
Southwestern Electric Power Co. 
Western Light & Telephone Co., Inc. 

3. Texas Atomic Energy Research Foundation: 
Central Power & Light Co. 
Community Publie Service Co. 

Dallas Power & Light Co. 

El Paso Electric Co. 

xulf States Utilities Co. 

Houston Lighting & Power Co. 
Southwestern Electric Power Co. 
Southwestern Publie Service Co. 
Texas Electric Service Co. 

Texas Power & Light Co. 

West Texas Utilities Co. 

ies Empire State Utilities Power Resources Associates : 

| Central Hudson Gas & Electric Corp. 
Consolidated Edison Co. of New York. 
Long Island Lighting Co. 

New York State Electric & Gas Corp. 
Niagara Mohawk Power Corp. 
Orange & Rockland Utilities, Inc. 
Rochester Gas & Electric Corp. 
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(1) The Shippingport Atomic Power Station, the country’s first large-scale 
nuclear power station, was constructed as part of the Atomic Energy Com- 
mission’s reactor development program. It is jointly owned by the AEC and 
Duquesne Light Co. Construction of the station was initiated in September 1954 
and completed the latter part of 1957. Criticality was achieved on December 2, 
1957, and on December 23, 1957 a full 60,000 kilowatt—the expected initial 
capacity—was generated. 

Extensive invaluable information has been obtained on uranium oxide fuel 
element performance, core reactivity changes and associated control problems, 
and the technical problems associated with operation and maintenance of nuclear 
powerplant systems and equipment, including health physics, radiochemistry, 
and waste disposal problems. 

The plant has demonstrated flexibility and load-change response character- 
istics in excess of those found in conventional steam generating equipment. 
Also, the availability of the nuclear reactor compares very favorably with 
conventional boiler plants. Shippingport has produced cost information in many 
eategories which, with a careful consideration of the dual nature of the station, 
provides a sound basis for making estimates as to costs which would be incurred 
in other more advanced nuclear stations. 

In addition to its use as a test facility and power producer, Shippingport has 
been used as a training facility for the supervisors of other atomic power stations 
yet to be put in operation. 

(2) The Vallecitos nuclear reactor plant in California, a joint project of 
General Electric Co. and Pacific Gas & Electric Co., was started in 1956. It was 
completed and began feeding electricity into Pacific Gas & Electric Co. lines the 
latter part of 1957. This 5,000-kilowatt pilot plant for the large-scale Dresden 
nuclear powerplant is the first entirely investor-financed nuclear power reactor 
project to be completed in the world. Pacific Gas & Electric Co. furnished the 
turbo-generator facilities and General Electric Co. the reactor. 

(3) The Santa Susana plant (the sodium reactor experiment) is a part of 
the AEC’s reactor development program. It was designed, constructed, and is 
being operated for the AEC by Atomics International. The Southern California 
Edison Co. installed and is operating the steam electric plant at an estimated cost 
to the end of 1959 of $1,697,000, and is purchasing the heat energy developed by 
the reactor for 35 cents per million B.t.u. under a renewed contract. Since going 
into service in July of 1957, the steam electric plant has been on the line for a 
total of 3,822 hours and has generated 15,331,050 kilowatt-hours. In June a 
maximum steam temperature of 1,000° F. was achieved. 

Much has been learned about the operating characteristics of a once-through, 
liquid metal to water steam generator, as well as about the behavior of sodium 
with respect to its heat transfer, temperature stratification, and flow properties 
from the operation of this 7,500-kilowatt plant. 

Additional controls have been installed that will cause the reactor to follow 
system electrical load requirements automatically. These controls will be placed 
in service when the reactor is returned to service following its refueling operation. 
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(4) The Dresden nuclear power station is a project of Commonwealth Edison 
Co. with the cooperation of Nuclear Power Group, Inc. Major construction on 
the 180,000-kilowatt (electric) dual cycle boiling water reactor, located 50 miles 
from Chicago, Ill., was started in June 1957. This plant, privately financed, is 
being built by General Electric Co. for a contract price of $45 million. Bechtel 
Corp. is General Electric’s engineering constructor. In addition, overheads 
and site costs will be something over $6 million. The contract calls for com- 
pletion by December 7, 1960. Construction is complete and the fuel loading 
program, including the necessary testing is in progress. Initial criticality 
occurred October 15, 1959. The project is expected to be ready for full operation 
by the middle of 1960. 

(5) The 275,000-kilowatt Indian Point nuclear powerplant is being financed 
and constructed by Consolidated Edison Co. of New York, Inc. As of the end 
of the year the overall project was about 60 percent complete. The containment 
sphere and foundations within the sphere are complete and installation of the 
reactor Vessel and other equipment inside the sphere commenced in January. 
The biological shield has been completed. The turbine room and superheater 
building are substantially complete and installation of the superheater is in 
progress. 

(6) The Pathfinder project is a joint undertaking or Northern States Power 
Co. and Central Utilities Atomic Power Associates. In 1957 a contract was 
signed with the AEC to cover research and development assistance for this 
project under the third round of the power demonstration reactor program. This 
contract was modified in 1959 to include an internal nuclear superheater in the 
Pathfinder reactor. The plant will be located on the Big Sioux River about 5 
miles northeast of Sioux Falls, 8S. Dak. The research and development program 
reached full pace during 1959 with major efforts in superheater and fuel element 
design. Preparatory field work was started in 1959. Erection of the contain- 
ment vessel is scheduled to start during 1960 when the full rate of construction 
will be reached. The plant is scheduled to be in operation in 1962. Northern 
States Power Co. will own and operate the 66,000-kilowatt plant. It is expected 
to cost $3.65 million for research and development work. The AEC will con- 
tribute the equivalent of $10.3 million for research, development, and waiver of 
fuel use charges. 

(7) The Pacific Gas & Electric Co. is undertaking the development of a 
60,000-kilowatt advanced boiling water reactor at Eureka, Calif. This project, 
scheduled for criticality on July 1, 1962, is to be financed entirely with investor 
funds, including research and development. Bechtel Corp. will design and 
construct the plant on a regular commercial basis. General Electric Co. will 
supply the nuclear and electrical equipment. The total cost of the project is 
estimated to be $20 million. Detailed design was started in September 1958 and 
field construction is scheduled to start in April 1960. 

(8) The Enrico Fermi atomic powerplant is sopnsored by the Power Reactor 
Development Co. and the Detroit Edison Co. Atomic Power Development As- 
sociates, Inc., is performing research and development and furnishing the re- 
actor design for the project. Major construction began in August 1956 and is 
proceeding on schedule toward completion in October 1960. Insertion of fuel 
and low-power testing will begin shortly thereafter. About one year of low to 
full power testing is scheduled. 

All buildings are essentially complete, and much of the auxiliary equipment is 
on the site and being installed. Erection of the reactor is essentially complete 
and extensive nonnuclear testing of reactor components in progress. 

Cost of this 100,000-kilowatt plant to the utility organizations concerned is 
expected to be over $79 million. The AEC is contributing the equivalent of 
the $4.45 million toward this project, being constructed as part of the AEC 
first round power demonstration reactor program, in the form of research and 
development work. 

(9) The Yankee Atomic Electric Co. is building a 134,000 kilowatt pressur- 
ized water reactor at Rowe, Mass., using stainless steel clad uranium oxide 
fuel elements. The major buildings and structures at the site have been com- 
pleted, including the 125-foot vapor container sphere. The turbine generator 
and other items of major mechanical equipment, such as main coolant pumps 
and steam generators, are presently being installed. The reactor vessel has 
been delivered. Fuel elements are currently being received for storage. The 
plant is expected to be in operation in the latter part of 1960. 
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The project, being undertaken as part of the power demonstration reactor 
program, is expected to cost about $50 million. Total requirements to be fi- 
nanced are calculated at $57 million, including cost of the initial core, working 
capital, and preliminary operating costs. In addition, the Atomic Energy Com- 
mission is contributing the equivalent of $5 million in the form of research and 
development work toward the completion of this project. 

(10) The Carolinas Virginia Nuclear Power Associates, Inc., formed in 1956, 
made a proposal to the AEC in August 1957 under the third round of the power 
demonstration reactor program for the development and construction of a 17,000- 
kilowatt heavy water moderated and cooled pressure tube reactor nuclear steam 
generator. The proposal was accepted as a basis for contractual arrangements 
by the AEC in May 1958. In January 1959 a contract with the AEC covering 
the project was executed and a contract with Westinghouse Electric Corp, 
covering research and development work required for the project was completed 
in June 1959. 

The proposed plant, having a design capacity of 17,000 kilowatt is scheduled 
for completion in 1962. Construction is scheduled to begin in the early spring 
of 1960. A site at Parr, 8.C., has been selected for its location. The associates 
under the proposed agreement would pay estimated capital cost of about $22 
million. The cost of operating the plant will bring the total CVNPA expendi- 
ture to about $28 million. Total estimated cost to the AEC will be about $14.6 
million. 

(11) A research and development program directed to advancing the gas- 
cooled heavy water moderated pressure tube type reactor is being conducted 
jointly by the Atomic Energy Commission, East Central Nuclear Group and the 
Florida West Coast Nuclear Group. The contract between the parties contem- 
plates, subject to certain technical and economic considerations, that FWCNG 
will construct and operate a 50,000 killowatt (electric) prototype nuclear power- 
plant with June 30, 1963, as the target date for critical operation. A site for 
this plant, approximately 35 miles east of Tampa, Fla., has been selected and an 
application for a construction permit has been submitted to the AEC. The 
research and development program has been underway since February 1958 and 
approximately $1,730,000 has been spent as of December 31, 1959. 

(12) In November 1958 a proposal was made in response to an invitation from 
the AEC by Philadelphia Electric Co. in cooperation with the newly organized 
nonprofit High Temperature Reactor Development Associates, Inc., to design, 
construct, and operate a prototype high temperature, helium-cooled, graphite 
moderated nuclear powerplant. The proposal calls for operation of a 30,000- 
40,000 kilowatt nuclear plant at Peach Bottom, Pa., on the Philadelphia Electric 
Co. system in 1963. Construction of the plant is on a fixed-price contract basis 
for $24.5 million. The proposal provides for the AEC to contribute an additional 
amount up to a maximum of $14.5 million in aid of research and development. 
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The proposal was authorized by Congress in June 1959 and contracts were | 


subsequently signed with the AEC. 

(13) In May of 1959 the General Public Utilities Corp. domestic operating 
subsidiaries formed the Saxton Nuclear Experimental Corp. to construct and 
operate a 5,000-kilowatt power reactor for the purpose of conducting a research 
and development program over approximately a 7%4-year period. The program 
will include 5 years of operation with primary emphasis on lowering nuclear 


power costs through exploring the possibilities of increasing nuclear fuel use | 


efficiences and economies and lowering future nuclear power capital costs. 


The reactor facility will be located at the Saxton station of the Pennsylvania : 
Electric Co. and will be hooked on to one of the station’s existing 10 Mw) 


turbine generator units. A construction permit recently was issued to the 
company. The construction schedule calls for excavation to start early in 1960. 
The estimated construction time from the date of signing of the contract is 30 
months and the estimated date for criticality is December 1, 1961. 


(14) In June 1959 Consumers Power Co. announced its intentions to build 
a 50,000 kilowatt, direct-cycle, high-power density, forced-circulation boiling: | 


water reactor for 1962 operation. It is hoped that capacity can be increased 
to 75,000 kilowatts within 41%4 years of operation by means of intense research 
and development on reactor core and fuel design. The company is at present 
carrying on contract negotiations with General Electric Co., Bechtel Corp., and 
the AEC. 

An application for the issuance of a construction permit has been made to 
the AEC. Ot is hopeful that this permit can be issued in time to allow a con- 
struction start in mid-April according to schedule. 
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Projects in various planning stages 
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(15) A large-scale nuclear powerplant has been authorized for construction 
by the Board of Directors of New England Electric System. The date for com- 
pletion and the type have not yet been decided, but it is planned to be of the 
order of 200,000 to 300,000 kilowatts (electric) for operation about 1966 or 
1967. Installation of larger conventional units at Salem Harbor and at the pro- 
posed Brayton Point plant, the latter with two units scheduled, one each for 
1963 and 1964, has deferr:d somewhat the original timetable for the New Eng- 
land Electric System reactor. 

This plant must, of course, take its place in the orderly development of the 
future power supply program for the system. It is conceived as a production 
plant, not an experiment or prototype. In view of the proposed completion date, 
its precise type or design have not been frozen and the system will continue to 
analyze and take into account continuing developments in reactor operation and 
design. 

(16) Pacific Gas & Electric Co. is Studying manufacturers’ proposals for a 
large-scale reactor. Efforts will continue to be given to the project until a 
satisfactory conclusion is reached. The utility is hopeful that a decision on the 
matter can be made in the next few months. A powerplant site suitable for a 
large nuclear powerplant has been acquired. 

(17) The Southern California Edison Co. has received two proposals from 
manufacturers and constructors for the construction of a nuclear powerplant of 
an approximate capacity of 300,000 kilowatts. Continuous evaluation studies 
of the proposals have been in progress including a preliminary and informal dis- 
cussion with the AEC staff. The company hopes that it will be in a position to 
make a definitive decision leading to an appropriate application to the Com- 
mission within 6 months, 
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APPENDIX VI 


Estimate of future nuclear capability by FPC region at time of regional peak 
(in megawatts) 


Region:* 1970 1980 | 
I eerkains ats vahah sia aan och ihetateibecan anime alacant Saran es 3, 140 7, 990 
5 cscs se Scag etc etc ne a I a a ae re 565 5, 090 
Bis acs cin i deans gk cape il oats eetaec nina amt boenamma nian 460 3, 110 
OO sia Sci i eS a ec Scala hee a pea acealgcnos 242 5, 192 
Oe a a a es ae es 2, 150 8, 751 
i ee eek aR ie tee aeons 300 
a a a ae a ls sai es hac ceca ene NY easeariee 1, 000 | 
i a i I a a atta 1, 162 7, 467 


1 Federal Power Commission classification. 


Source: Report to Select Committee on National Water Resources. 
MEMBERS OF THE EDISON ELECTRIC INSTITUTE COMMITTEE ON ATOMIC POWER 


E. L. Lindseth (chairman), president, the Cleveland Electric Illuminating Co., 
Cleveland, Ohio. 

W. J. Clapp (vice chairman), president, Florida Power Corp., St. Petersburg, Fla. 

J. K. Busby, president, Pennsylvania Power & Light Co., Allentown, Pa. 

W. L. Cisler, president, the Detroit Edison Co., Detroit, Mich. 

C. B. Delafield, vice president, Consolidated Edison Co. of New York, Inc., New 
York, N.Y. 

E. H. Dixon, president, Middle South Utilities, Inc., New York, N.Y. 

P. A. Fleger, chairman of board, Duquesne Light Co., Pittsburgh, Pa. 

G. M. Gadsby, chairman of board, Utah Power & Light Co., Salt Lake City, Utah. 

R. BE. Ginna, chairman of board, Rochester Gas & Electric Corp., Rochester, N.Y. 

J.W. McAfee, president, Union Electric Co., St. Louis, Mo. 

C. B. McManus, chairman of board, the Southern Co., Inc., Atlanta, Ga. 

I. L. Moore, chairman and chief executive officer, New England Electric System, 
Boston, Mass. 

R. G. Rincliffe, president, Philadelphia Electric Co., Philadelphia, Pa. 

Philip Sporn, president, American Electric Power Co., Inc., New York, N.Y. 

J. B. Thomas, president, Texas Electric Service Co., Fort Worth, Tex. 


(Thereupon at 4:55 p.m., Wednesday, February 24, 1960, a recess 
was taken until Thursday, February 25, 1960, at 2 p.m.) 
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DEVELOPMENT, GROWTH, AND STATE OF THE ATOMIC 
ENERGY INDUSTRY 


THURSDAY, FEBRUARY 25, 1960 


CoNGrREss OF THE UNITED STATES, 
Jornt COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 
The committee met, pursuant to recess, at 2 p.m., in room P-63, the 
Capitol, Senator Clinton P. Anderson (chairman of the Joint Com- 
mittee) presiding. 
Present: Senators Anderson and Dworshak; Representatives Holi- 
field, Van Zandt, Durham, Price, and Aspinall. 
Also present: James T. Ramey, executive director, and George F. 
Murphy, professional staff member. 
Representative Horrrreip. The committee will be in order. 
The first witness today is Mr. Andrew J. Biemiller. 
Mr. Biemiller, you may proceed. 


STATEMENT OF ANDREW J. BIEMILLER, DIRECTOR, DEPARTMENT 
OF LEGISLATION, CONGRESS OF INDUSTRIAL ORGANIZATIONS, 
CHAIRMAN, AFL-CIO STAFF SUBCOMMITTEE ON ATOMIC ENERGY 
AND NATURAL RESOURCES 


Mr. Bremer. Mr. Chairman, for the record, my name is Andrew 
J. Biemiller. I am director of the department of legislation, Ameri- 
can Federation of Labor and Congress of Industrial Organizations. 
Iam also chairman of the AFL-CIO staff subcommittee on atomic 
energy and natural resources. 

We have a lengthy statement that I would like to file for the record 
and I have a summary that I would like to present for the committee. 

Representative Hoiirm.p. We will be glad to receive the document 
(p. 485). 

Mr. Bremiter. I am here to present the views of the AFL-CIO on 
certain aspects of peaceful atomic development in America during 
1959, 

The year 1959 has been a serious setback to workers in the field of 
radiation, health, and safety and very little has been added to the 
record of peaceful atomic accomplishment. 

We have been nevertheless completely convinced by the spokesmen 
for the Commission and for the Joint Committee thta the atom can be 
developed as a major new energy force in shaping the future economy 
of America and the world. We are equally convinced that it has 
manifold other uses in addition to energy itself making themselves felt 
in industry—medicine, agriculture, and various fields of scientific re- 
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search. We believe that atomic development can be made to proceed 
with full protection to the safety of workers and the general public. 

The criticisms labor brings to this occasion can be best understood 
if they are recognized as our best efforts to add what we can to con- 
structive debate over peaceful atomic development policy. 

I request the committee to have included in the record AFL-CIO 
policy resolution No. 124 on atomic energy, adopted in September 1959 
in San Francisco. 

Representative Horirrevp. It will be received. 

(Policy statement referred to by Mr. Biemiller follows :) 


PoLticy RESOLUTION No. 124 Apoprep By AFL—CIO CONVENTION, SEPTEMBER, 
1959, AToMIC ENERGY 


The American labor movement has a most vital and continued interest in the 
development of the peaceful uses of the atom for mankind. As workers in plants 
where there is ionizing radiation, as consumers who will benefit from abundant 
supplies of cheap nuclear power, as taxpayers whose money is invested in 
huge atomic development, and as citizens who want to see the atom’s potential 
unlocked for the benefit of people throughout the world, the members of the 
American labor movement are concerned with adequate programs and policies 
to develop atomic energy. 

The AFL-CIO supports programs in the atomic field to: 

1. Establish accelerated programs to develop nuclear power in large amounts 
and at costs competitive with those of power generated by conventional fuels. 

2. Expand uses of radioisotopes in industry, medicine, and agriculture. 

3. Achieve greater protection to the health and safety of workers and the gen- 
eral public from radiation hazards. 

4. Safeguard development of this new industry from being monopolized by a | 
few large corporations. 

5. Aid in securing leadership of the United States in developing widespread | 
practical uses of the atom and aiding free world countries in establishing their 
own atomic program : Therefore, be it 

Resolved by the officers and delegates of the Third Convention of the American 
Federation of Labor and Congress of Industrial Organizations, That we endorse 
and work to achieve the following programs in the atomic energy field: 
























1. ATOMIC POWER PROGRAM 


America has lost years of precious time by the failure of the Eisenhower ad- 
ministration to carry forward a vigorous atomic power program. Such a pro- 
gram is needed to build the atomic powerplants to equip our country and its 
electric utility industry with the economic and technical experience which 
will make the atom a large-scale, low-cost producer of power for an expanding 
economy and will enable America to shoulder its proper responsibilities of 
international leadership. 

Great Britain, Soviet Russia, other nations and groups of nations are pressing 
forward toward competitively priced atomic power. The Eisenhower adminis- 
tration’s exclusive dependence upon the private utilities has been a major handi- 
cap, for they have failed to meet the challenge by reason of inadequate technical 
and financial resources, economic uncertainties, and lack of financial incentive 
to pioneer in a new field. 

The American Federation of Labor and Congress of Industrial Organizations 
ealls for a full seale national atomic power development program as a most 
necessary means of achieving from this giant new energy source supplies of 
low-cost power for America’s future needs. We propose: 

(a) To strengthen America’s threatened position of world leadership in the 
peaceful application of nuclear energy and of nuclear power in particular. 

(b) To strengthen America’s national economy and to benefit Americal 
consumers by developing low-cost atomic power without further needless delay. 

(c) To demonstrate, by means of larger scale Federal reactor programs, 
that competitively priced power can be produced from nuclear sources undef 
either private or Federal fixed charges of operation from several different 
feasible reactor types by 1965, assuming base-load operation and minimum 
charges for plutonium 
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To realize these goals, the Atomic Energy Commission must select a few 
promising reactor designs for large-scale development, then proceed to build 
and operate them in order to develop the necessary technical and economic 
knowledge that will allow these designs to be undertaken by the Nation’s 
utility industry. 

The Commission must set forth both immediate and long-range power pro- 
duction goals—1965 for the immediate goal, and 1970 and 1975 for the longer 
range targets. Reactor types must be large scale for greater economy of 
operation, but also include smaller designs on a lesser scale to aid smaller 
utilities, whether cooperatively, publicly, or privately owned, and to assist 
nations abroad with limited financial resources and nuclear technologies. 

Surplus power from Federal demonstration reactor programs should be 
marketed in conformity with the historic Federal power marketing policies 
and laws. 

Existing subsidy programs to private electric utilities for development of 
reactor power projects should be reexamined in terms of long-range goals and 
objectives of developing competitively priced atomic power. 

2. RADIATION HEALTH AND SAFETY AND WORKMEN’S COMPENSATION 

The widespread and rapidly expanding uses of atomic energy for peaceful 
purposes must proceed hand in hand with, but not at the expense of, the safety 
of workers and the general public. 

Expansion of America’s nuclear industry in each year is adding thousands 
of additional workers to jobs exposed to ionizing radiation which cannot be 
detected by human sense organs. Any degree of exposure is considered by 
medical science to be capable of potential damage to human beings. 

The relatively safe progress in occupational health and safety thus far 
has been achieved because control of radiation hazards has been a Federal 
responsibility. Continuance of this responsibility is crucial, because the num- 
ber of injuries, illnesses, and deaths from this cause can correspondingly be 
expected to mount as the atomic industry grows. 

There is an increasing effort on the part of the enemies of organized labor 
to place the responsibility for carrying out radiation health and safety and 
workmen’s compensation programs into the hands of the various States. 

We oppose these concerted efforts now being made to dilute and dissipate 
Federal responsibility by farming it out to the various States. In particular, 
we oppose legislation recently reported by the Joint Committee on Atomic 
Energy which would achieve just such a result in the field of radiation health 
and safety programs. 

The record plainly shows that most States do not now have, nor are they likely 
to have in the foreseeable future, the financial strength to undertake major 
radiation health and safety programs. Such programs as are now in existence 
are for the most part differing in standards, as well as failing to provide full- 
scale protections. 

The record plainly shows that most State workmen’s compensation programs 
provide totally inadequate protection to workers for illnesses, injuries, or deaths 
incurred as a result of overexposure to ionizing radiation. 

By its very nature the problem of protecting workers and the public against 
radiation hazards is a national, not merely a local problem. 

Reorganization of Federal responsibility, not its diminution, is required. In 
addition to the Atomic Energy Commission, various activities in the field of radia- 
tion health and safety are scattered among a number of other Federal agencies 
and departments. The President's recent Executive order and the legislation 
passed by the Congress fail to provide an adequate radiation health and safety 
policy for the Federal Government. 

We endorse the following programs affecting the health and safety of workers 
and the public in the field of radiation exposure and workmen’s compensation : 

(a) There should be created a National Committee on Radiation Safety with 
the Surgeon-General of the U.S. Public Health Service, Department of Health, 
Education and Welfare, as Chairman. The Committee would operate day to day 
as part of the Public Health Service. It would be responsible for establishing 
standards constituting the minimum safe levels of ionizing radiation exposure to 
human beings in the United States from all sources covering all occupations and 
for applying them nationwide. 

(b) All license applications to the Atomic Energy Commission for private 
use of nuclear material would require approval by the committee as having 
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fully met minimum health and safety standards and regulations. Any State 
radiation health and safety program to be approved by the Commission would 
have to meet the Committee’s minimum health and safety standards, and the 
State plan of operation would be required to include jurisdiction over X-ray, 
radium, and particle accelerator exposure. 

(c) The National Committee on Radiation Safety would be directed and 
authorized to conduct continuing studies of the source and degree of both natural 
and manmade radiation in the United States and submit reports and recom- 
mendations annually to the Congress. 

(d) We will also seek separate legislation to establish a statutory Labor- 
Management Advisory Committee to advise the Commission or any new Federal 
agency in order to aid in developing and carrying out sound programs of par- 
ticular labor-management concern. 

(e) The Congress has seen fit to provide for financial protection to industry 
and the public in the event of a nuclear accident, but has provided no such 
protection to workers on the job. 

The AFL-CIO will work to achieve legislation establishing a Federal work- 
men’s compensation program which would establish uniform Federal standards 
for workmen’s compensation programs covering all sources of occupational ill- 
nesses, injuries, and deaths, including those from radiation overexposure. These 
should constitute the compulsory minimum standards for workmen’s compen- 
sation programs in all of the States. 

(f) The AFL-CIO has strongly supported the International Atomic Fnergy 
Agency ever since it was proposed in 1953 by the President as a major element 
of his atoms-for-peace program. We once again urge that the Agency be made 
a more effective instrument to bring about widespread assistance to all nations 
developing their atomic programs and urge that the United States support it by 
more positive actions than it has demonstrated to the present time. The United 
States responsibility is particularly heavy since it was the prime mover in the 
creation of the International Energy Agency. We are gratified at the ratifica- 
tion early this year of the treaty to provide aid to Euratom, but urge that its 
provisions be made an effective instrument. 

(g) We applaud the 43d session of the ILO International Labor Conference 
this year in approving conclusions for an international labor convention sup- 
plemented by formal recommendations with respect to strong protection of 
workers against ionizing radiation. Special praise is due to the U.S. Labor 
delegates and those from other free nations, whose fine work in large part was 
responsible for this achievement. We are hopeful that the 80 member states 
of the ILO will ratify the convention after it has been adopted by the ILO 
Conference in 1960. We strongly believe that this will mean a long forward 
step has been taken in the direction of a firmly established international set 
of standards governing the protection of all affected workers against exposure 
to ionizing radiation. 


Mr. Bremtiuer. My oral testimony will comprise brief comments 
on each of the five major aspects of what the AFL-CIO conceives as 
the desirable end products of peaceful atomic development in America. 


Each of labor’s major goals is quoted from the preamble to our policy 
resolution No. 124. 


“Tt. ESTABLISH ACCELERATED PROGRAMS TO DEVELOP NUCLEAR POWER IN 
LARGE AMOUNTS AND AT COSTS COMPETITIVE WITH THOSE OF POWER 
GENERATED BY CONVENTIONAL FUELS” 


On February 16 the Atomic Energy Commission released its four- 
part report on “The Status and Potential of Civilian Nuclear Power 
Reactors and Its Plans for Future Development.” Its release has 
come against a general background of adverse criticism of the Com- 
mission’s past programs. 

The Commission’s just published reply is the result of 7 months’ 
work by the Reactor Development Division of the Commission. It 
consists of more than 300 pages of highly technical material, charts, 
tables, forecasts, and policy statements and findings. 
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I think it is only accurate to assume that the 1958-68 reactor devel- 
opment program has been forced to spend the night in the Procrus- 
tean bed of the Bureau of the Budget. What has emerged is a modest 
program which may provide another million kilowatts of installed 
nuclear capacity by the year 1969, if all goes well. 

This would conceivably bring America’s total developed atomic 
capacity to the neighborhood of 2 million kilowatts, which was the 
goal announced in 1955 to be achieved by 1960. 

We fail to see the drastic import of Chairman McCone’s words, 
delivered last November in an address to the Atomic Industrial 
Forum, reflected in the Commission's 10-year nuclear power program. 

The Commission is proposing, with varying degrees of firmness, 
11 new starts, none of which are contemplated until 1963 or 1964. 

By the most optimistic assumptions, the net installed electrical ca- 
pacity gain by 1970 would be roughly 1 million kilowatts. This is 
one-half of the amount enthusiastic: ally predicted in 1955 as in the 
offing by 1960 (2 million installed kilowatts). In 1970 about 2 mil- 
lion kilowatts of nuclear capacity (the former 1960 goal) would be 
reached with only half of this total contributed by the 10- year pro- 
gram. 

Mr. Ramey. We had testimony yesterday by a representative from 
the Edison Electric Institute that they expected 7 million kilowatts 
by 1970. 

Mr. Bremitter. I am referring to that later on. I am talking 
about our analysis of the Commission’s document. This is our anal- 
ysis of that. I am going to refer to that Edison Institute fore- 
cast later on. 

From this it is apparent that the Commission is not proposing an 
accelerated program but is merely gearing its reactor development 
blueprint to the limited objective of ‘attaining nuclear r power at costs 
comparable with fossil fuel power where it now cost 7 mills or more 
per kilowatt hour. This would then presumably be the foundation 
upon which another program could be proposed to the Congress to 
undertake the task of further reduction to levels where power costs 
might be competitive with conventionally fueled facilities in general. 

Abundant low-cost nuclear power as a significant contributor to a 
threefold to fivefold expected increase in national power demand by 
1975-80 will not be and is not proposed by the Commission. W hether 

or not the Commission will consider the atomic power industry as 
within shooting distance of competitively priced power in the 1975-80 
period will depend on the outcome of the present 10-year program 
now proposed. 

There may well be real seriousness of intent behind the announce- 
ment of Chairman McCone, as an addendum to his prepared testi- 
mony, that Southern California Edison and Pacific Gas & Electric are 
negotiating with W estinghouse and General Electric with the purpose 
in mind of each constructing a 300-megawatt pressurized water reac- 
tor costing about $60 million. Such a facility i is theoretically capable 
of producing power at about 8 mills per kilowatt hour, about 1 mill 
in excess of the prevailing cost of a fossil fuel powerplant of the same 
capacity in California. 

f this can now be accomplished without Government subsidy, it 
would appear that America has emerged in 1960 with competitive 
commercial nuclear power in high cost fossil fuel areas. The private 
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utility industry seems to think so, judging by the recent Edison Elec- 
tric Institute’s estimate of 7.7 million kilowatts of commercial nuclear 
power capacity by 1970. The Commission, however, is simultaneously 
telling us that we will not gain this major objective until 1970. 

We find the situation as difficult to interpret as the Dead Sea Scrolls. 
It raises some fundamental questions to which we believe the Joint 
Committee could well attempt to obtain answers in the interest of a 
sound nuclear power policy. 

1. Can America’s private nuclear industry now design and con- 
struct economically feasible power stations which could be started 
this year and produce power on completion which can be integrated 
with a privately owned electric utility’s system at a cost competitive 
with that utility’s fossil fuel generated power? 

_2. Or is the intermediate goal further off, as the Commission now 
views it 1n its 10-year program ? 

3. Or is the intermediate goal even further away in time than about 
1970 as some pessimistic experts indicate ? 

4. On the basis of each of the three assumptions above, where does 
that leave the major target—nuclear power competitive to cost with 
fossil fueled power in general ? 

Should the answer be “Yes” to the first question we raise, the Com- 
mission’s role in the protoype and demonstration phases of nuclear 
or reactor development should be drastically reexamined and con- 
ined in general to work on advanced concepts. This goes for its 
existing subsidy policies and any new proposed subsidy device such 
as capital grants. 

If the answer is “Yes” to the second question, can General Electric 
and Westinghouse really do what they have indicated with respect to 
providing utilities in 7 mill or higher fuel areas with nuclear power 
at about this unit cost of production without asking the Federal 
Government for some kind of nuclear Brannon plan for the utility 
industry ? 

This brings us back to our view that the Commission’s 10-year pro- 
gram is inadequate in all major respects. 

The Commission’s role could hardly be termed a positive one. 
“Alternatively, prototypes could be built and operated by the Com- 
mission,” says the introduction to part IV of nar As to the 
demonstration stage, there is no mention of a dynamic role by the 
Commission, except to consider possible assistance on initial plants 
in various concepts useful for demonstration purposes. 

Should the answer be “Yes” to the third question, we ask, then the 
American public should be given the answer as to whether it is tech- 
nically impossible to bring abundant low-cost atomic power to the 
consumers of this Nation or whether a new and aggressive policy is 
needed to get the job done. 

The answer to the fourth and last question we have raised—when, 
if ever, will we find the atom contributing substantially to the Na- 
tion’s mushrooming power demands?—will in the largest measure 
depend on how the previous questions are answered, and what policies 
and programs are then adopted. 

What are labor’s suggested alternatives to the Commission’s new- 
start program as proposed ? 
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The AFL-CIO bases its questions on the Commission’s existing and 
proposed programs. 

We make these proposals for the consideration of the Joint Com- 
mittee : 

1. Why no new starts until 1963? We urge that the Commission’s 
timetable be drastically speeded up and firmed. 

2. It is necessary to provide a new core to expand installed power 
capacity at Shippingport to 150 megawatts. Money for this project 
should be immediately appropriated. 

3. The power aspect of the Hanford dual-purpose plutonium re- 
actor is a most important immediate undertaking. Its potential 700 
megawatts is now wasted heat carried into the Columbia River. 
Surplus power in excess of the needs of the Hanford works should be 
taken and marketed by the Bonneville Power Administration to its 
wholesale customers. 

4. We urge adoption of legislation to authorize a large-scale demon- 
stration reactor program to be undertaken by the Commission at 
Commission facilities along the outlines of the Gore-Holifield bills. 
Last year the executive council of the AFL-CIO endorsed in prin- 
ciple S. 683 by Senator Gore as a desirable legislative approach. 

We believe that only if the Commission itself undertakes to unlock 
the door to competitively priced nuclear power, by such a program 
will the hopes for abundant nuclear energy be realized in the reason- 
ably near future. 

5. We urge that the Joint Committee establish some kind of im- 
partial basis of reviewing the basic power cost assumptions underlying 
the Commission’s program. Moreover, there should be close scrutiny 
of the negotiations between the two California utilities and General 
Electric and Westinghouse. ‘There should be some basis to get to the 
root of the contradictory view of the pessimists and the optimists. 

We should like to see an immediate study along these lines under- 
taken by the Joint Committee headed by a person or persons capable 
of making such evaluations, free from any biased viewpoint. 

In this connection, computations should be made using both Fed- 


eral and private fixed charges. The Commission’s program derives 


its power cost estimate solely from private fixed charges. 

6. Like water development, atomic energy is a resource which 
should be developed aun policies which recognize its public nature 
and its potential being fully developed in the public interest. There- 
fore, the United States should play its appropriate and pioneering 
part in helping to develop the peaceful uses of nuclear power. We 
propose that the Joint Committee look to the 1954 act with the aim 
of enabling Federal resources agencies to participate in atomic power 
development as a yardstick in the field. A yardstick as badly needed 
as that provided by Congress over the past half century in the area 


of hydrodevelopment. This could be accomplished by license from 
the Commission. 


« 
Il, ACHIEVE GREATER PROTECTION TO THE HEALTH AND SAFETY 
WORKERS AND THE GENERAL PUBLIC FROM RADIATION HAZARDS” 


OF 


A. Radiation health and safety 
In September 1959, Public Law 86-373 amended the Atomie En- 
ergy Act of 1954. The AFL-CIO has consistently opposed this kind 
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safety of hundreds and thousands of workers in ever-growing num- 
bers engaged in jobs where there is exposure to ionizing radiation. 
The AFL-CIO atomic energy policy statement adopted in San 
Francisco emphasizes that: 
The relatively safe progress in occupational health and safety thus far 
has been achieved because control of radiation hazards has been a Federal 


responsibility. Continuance of this responsibility is crucial because the num- 
ber of injuries, illnesses, and deaths from this cause can correspondingly be 


of legislation. We feel that it can gravely threaten the health and 


expected to mount as the atomic industry grows. j 


Labor’s experience with the governments of the various States | 


in the field of social and economic programs has been and continues 
to be frustrating. We cannot be expected to harbor any confidence 
that Public Law 86-373 will bring about adequate occupational radia- 
tion health and safety programs enacted and effectively carried by the 
States without bitter opposition from large business. 

Public Law 86-3738 enables the various States to take over from the 
Federal Government regulatory authority in the field of occupational 


radiation dealing with radioactive materials owned by the Commis- | 


sion and used by a private industry under Commission license. It 
also establishes a Federal Radiation Council to advise the President 
and other Federal agencies and the various States on radiation 
matters. 

We do not believe the States can do the job assigned them under | 
the new law. To our best belief and knowledge, no State, with the | 
possible exception of New York and California, has an effective pro- 
gram regulating its internal manmade radiation hazards that are of 
intrastate or local nature. 

State activity in the field of regulating the use of fissionable ma- 
terial derived since passage of the 1946 Atomic Energy Act varies 
widely. 

Nineteen States have enacted no statute or regulation dealing with 
radiation as such. 

Laws requiring registration by users of radioactive material or 
establishment of study or advisory groups have been passed by eight 
States. 

Some regulations, for the most part dealing with occupational ex- 
posure, have been issued through existing State departments, some- 
times the public health department, less often the State labor de- 
partment, are on the statute books of 10 States. 

The so-called model act drawn up by the National Committee on | 
Radiation Protection and Measurement has been substantially in- | 
corporated into 10 State laws. : 

The NCRPM legislative recommendations propose establishment of | 
a coordinator, with existing State agencies performing the rule- | 
making functions. Most of the above States have not done much to | 
put their acts into effective application. 

Undertaking comprehensive regulations, which vary among one 
another, are the States of California, Minnesota, New York, Penn- | 
sylvania, and Texas. 

The record shows that the States have not shown willingness or 
ability to tackle this new occupational health and safety problem. 


; 
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Thus, the whole future of strong and effective State regulations 
over occupational health and safety programs dealing with radia- 
tion is questionable, and prospects for uniform and effective control 
remote. 

The problem is further complicated by the lack of adequate trained 
manpower in the radiation safety field. 

During the Joint Committee hearings last year on “E rr Radi- 
ation Hazards and Workmen's C ompensation, Mr. C. A. Nelson 
pointed out again that “one of the most serious problems the States 
have right now is that of obtaining people in the field of radiation 
control and safety.’ 

Mr. Nelson expressed his disappointment in the response from the 
States to the Commission’s training seminars: 


It is apparent that the States did not have many qualified personnel to 
participate in this program. 

We must work under Public Law 86-373 at present, but we do not 
think it is workable. Therefore, we are urging the Joint Committee 
and the Congress to amend it drastic ally. 

Specifically, our proposed amendments call for the following 
changes in Public Law 86-373: 

; Broadening the representation of the Federal Radiation Council 
(sec. 274h). It should include on a Cabinet level the Secretary of 
the Interior, the Postmaster General, the Chairmen of the Federal 
Power Commission, and the Interstate Commerce Commission and 
the Civil Aeronautics Board. 

In addition, there should be named by the President. to the Coun- 
cil representativ es of the scientific community and a representative of 
labor, of management, and of the public at large. 

In section 274h there should be added language to enable the 
F tee al Radiation Council to work with an adequate staff, which will 
operate on a day-by-day basis, as part of the Department of Health, 
Education, and Welfare. The Council should be authorized and di- 
rected to determine minimum safe levels of radiation exposure to 
human beings in the United States and to review under such exposure 
standards private license applications to use fissionable material be- 
longing to the Commission, as well as proposed State ‘ae to assume 
broader 1 regulatory authority under Public Law 86-373 
Represent: itive HouiFietp. Mr. Biemiller, you are aware of the fact 


that they have only one person on their staff, this Federal Radiation 
Council that we set up last year ? 


Mr. BremILier. Quite so. 

Representative Hottriecp. It is completely inoperative for all prac- 
tical purposes. It has never been implemented properly. As far as 
I know, an effective program has never been set up nor have personnel 
been assigned to do the job. Your remarks, I think, are quite perti- 
nent. I refer back to your No. 1 paragraph and ask you exactly why 
you feel these particular pepole should be on the Council, and if you 
feel that with their other duties they could really give any time or 
attention to this complicated subject. 

Mr. Bremixter. It is obvious in the case of certain of the people— 
for example, the Interstate Commerce Commission and the CAB and 
the Postmaster General—that there are transportation problems that 
are involved here that, we think, deserve attention. I presume that 

52950—60 
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the usual course would be followed of the delegation of authority to a 
trusted person. 

Representative Horirrerp. I think that is provided in the act. 

Mr. Bremitier. That is the normal provision. 

Representative HotirteLp. An assistant could very well be assigned 
to those duties. 

Mr. Bremitier. That is right. In the case of the other two 
gentlemen, you have some questions that, we think, have been learned. 
The Secretary of Interior, after all, has great problems that may arise 
out of the whole saline-water program, and the U.S. Geophysical 
Survey comes into this situation very clearly, and the Federal Power 
Commission is going to, we hope, have a good deal to say from a long- 
run point of view about some of the developments which will take place 
here. 

Representative Durnam. Why did you leave out the AEC in the 
recommendations for the Government agencies? 

Mr. Bremitier. They are on. These are suggested additions to 
the existing legislation. 

This amended section should also provide that any State-proposed 
radiation health and safety program must show that it is already 
adequately handling its own internal radiation hazards. The Fed- 
eral Radiation Council should be authorized and directed to make 
continued studies of radiation in the United States and submit annual 
reports and recommendations to the Congress. 

We recommend amendment to section 274i of the new law for in- 
clusion of a provision enabling the Atomic Energy Commission to 
provide matching funds of not less than 50 percent of the estimated 
administrative costs of any approved State radiation health and 
safety programs. 

It was not until May 6, 1959, that the Commission promulgated 
proposed amendments to its 1955 occupational radiation exposure 
standards to cover licensed users of fissionable materials owned by 
the Commission. 

I request to have included in the record the AFL-CIO criticism 
of the proposed amendments contained in a letter to Chairman McCone 
from our secretary-treasurer, William F. Schnitzler, on June 30, 1959. 

Representative Hottrrerp. It will be received. 

(The letter referred to follows:) 

JUNE 30, 1959. 


Mr. JoHN A. McCOoNE, 
Chairman, Atomic Energy Commission, Germantown, Md. 


DEAR CHAIRMAN McCone: This letter contains the official position of the Amer- 
ican Federation of Labor and Congress of Industrial Organizations concerning 
the Atomic Energy Commission’s proposed amendments to Title 10, Chapter 1, 
Part 20, Code of Federal Regulations: “Standards for Protection Against Radia- 
tion.” These proposed amendments were promulgated in the Federal Register 
May 6, 1959. 

It is hardly necessary to state the direct and vital interest of the AFL-CIO 
in the Atomic Energy Commission’s proposed amendments. They deal primarily 
with occupational radiation exposure and set forth revised standards governing 
the maximum permissible dosage considered to be consistent with the health and 
safety of workers in jobs which expose them to ionizing radiation. 

Already, scores of thousands of workers in unions affiliated with the AFL-CIO 
work in plants where there is radiation exposure. Their number is rapidly 
growing now, and will mount even more rapidly as industrial, medical, agricul- 
tural, and other peaceful uses of atomic energy become more widespread. 
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It is, therefore, the earnest concern of the AFL-CIO that every worker be 
accorded the greatest possible protection on the job from radiation through 
adoption of the strongest possible standards of safety, enforced with un- 
deviating thoroughness and strengthened as more scientific knowledge is brought 
to bear on this matter. 

The AFL-CIO, therefore, addresses to you the following procedural and sub- 
stantive comment concerning the Commission’s proposed amendments to its 
occupational radiation exposure regulations. They represent the considered 
judgment of the AFL-CIO as to how they can be improved to accomplish their 
aim and provide for workers the best possible protection under existing stand- 
ards of exposure. 

We appreciate the Commission’s action in allowing the AFL—CIO and other 
interested parties additional time to make extended comments and recom- 
mendations. We also appreciate the cooperation of Messrs. Rogers, Smith, 
and Loewenstein in discussing the proposed regulations with members of the 
AFL-CIO Staff Subcommittee on Atomic Energy and Natural Resources. We 
hope that this informal interchange of views and information will become a 
part of the working relationships between the AFL—CIO and the Commission. 

I hope that it will be possible for one of our staff representatives to discuss 
with you, or your representatives, in person, the details of our proposals before 
the new regulations are placed in effect. It is the strong feeling of the AFL-CIO 
that the suggested modifications will result in the regulations being more 
effective to improve the health programs involving our workers and will in- 
crease their confidence that their Government, through the Atomic Energy Com- 
mission, is doing everything possible to control radiation hazards and make their 
working conditions as safe as present scientific knowledge is capable of doing. 

Sincerely yours, 
Wm. F. ScHNITZLER, 
Secretary-Treasurer, AFL-CIO. 


RECOMMENDATIONS FOR CHANGES IN PROPOSED REGULATIONS OF ATOMIC ENERGY 
COM MITTEE ON OCCUPATIONAL EXPOSURE TO RADIATION 


The American Federation of Labor & Congress of Industrial Organizations 
recommends the following procedural and substantive changes to the Atomic 
Energy Commission's proposed amendments to Title 10, Chapter 1, Part 20, 
Code of Federal Regulations: Standards for Protection Against Radiation. 

Our first procedural recommendation deals with occupational radiation stand- 
ards in the proposed regulations. 

Written in dry, technical, and prolix style, with many cross-references to and 
citations of other sections of the rules on radiation safety standards, they are 
not easy for experts in the field to understand fully at a single reading. 

Consider, then, the problem of a worker in the plant who is directly ‘affected 
by what is in these regulations and how much more difficult it is for him to 
analyze them as posted on a plant safety bulletin board. 

The successful application of safety regulations of any kind depends in great 
part upon how well they are understood by workers whom the regulations are 
designed to protect. 

This is our recommendation : 

That in the future, all Commission health and safety standards regulations 
dealing with and affecting workers be translated into language simple and easy 
to understand. 

The licensee should be required, as a condition of his license, to post on the 
plant bulletin boards where workers customarily are notified of matters affecting 
them the official text of the regulations. Next to it, the licensee should be re- 
quired, as a condition of his license, to post a simplified text which should in- 
form the worker, by means of a footnote, that this is not the official document 
but an explanation of the official document, and has been prepared by AEC for 
the purpose of explaining specifically and clearly what the safety regula*ions 
call for; how they operate, how they affect the worker, and what is his respon- 
sibility along with that of management in cooperating to carry them »ut in 
order to achieve maximum health and safety conditions. 

Our second procedural recommendation pertains to recordkeeping required 
of licensees under the amended safety standards regulations (par. (a) >f amended 
20.401) showing radiation exposure of all individuals for whom personnel moni- 
toring is required in amended section 20.102. 
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Without making specific recommendations, the staff subcommittee calls to 
the Commission’s attention the vital necessity of including X-ray exposure his- 
tory in its regulations governing recordkeeping on radiation exposure of workers 
by the Commission’s licensees and contractors. 

This is our recommendation : 

That paragraph (a) of section 20.401 be further amended to include AEC 
Form 20-1: Occupational Radiation History, along with the AEC Forms 20-2, 
20-3, and 20-4 in the recond sentence of this paragraph. 

That the following sentence be added to the last sentence of paragraph (a), 
20.401: “The licensee shall be prepared to and shall provide the workers on 
request with the necessary information concerning his total occupational ra- 
diation exposure history, his current occupational radiation whole body, skin 
of whole body or skin of extremities history, whichever may be asked for, 
together with his total accumulated dose as related in the limits specified in 
paragraph (a) section 20.101.” 

This language is necessary in order to protect the worker and assure that 
he will have access to all the information concerning his radiation exposure 
history, whether the licensee maintains his record on the above-mentioned 
AEC forms, or records all the information required on the AEC form on his 
own forms or by means of business machine punchcards. 


SUBSTANTIVE RECOM MENDATIONS 


The purpose of amending section 20.102 is stated in the Commission’s “State- 
ment of Consideration” as being based on the burdensome and expensive prob- 
lem of determining how much previous dosage has been received by a worker 
coming into a new job which involves radiation exposure. This, the Commission 
states, would be caused by difficulty and expense of obtaining prior exposure 
records and lack of records on ionizing radiation exposure received in previous 
work outside the Commission’s jurisdiction. In such a situation, the proposed 
regulations provide that paragraph (a) of section 20.101 may be used, which 
would provide rates for the whole body, gonads and blood-forming organs at 
one-third of existing AEC standards. 

Such an option allowed to a licensee would make it possible that a worker 
coming on a new job and having been previously exposed to or approaching his 
permissible limit might not be employed under conditions which would reduce 
his exposure rate in accordance with specifications of paragraph (a), section 
20.101, unless such reductions under this kind of situation were made manda- 
tory and not merely permissible. 

We propose : 

(1) Amendment to the last sentence of paragraph (c)(1), section 20.102, 
which would then read: “* * * the licensee shall use the dose shown in such 
records in lieu of the dose specified in the following table.” 

(2) Amendment to the last sentence of section 20.102 which would then 
read: “* * * the excess shall be disregarded, and such individuals in a re 
stricted area shall receive exposure to radiation not to exceed the limits speci- 
fied in the table contained in section 20.101 (a).” 

We recommend that the attention of the Commission be called to the fact 
that the lower permissible radiation exposure levels, as set forth by the table 
in paragraph (a) of section 20.101, will affect relatively few workers—notably 
those who come into new jobs from previous ones in which they were exposed 
to ionizing radiation, and whose previous records are either missing or the 
licensee elects not to bother with obtaining them from the workers’ former 
employers. 

Our proposed amendment, as stated above, would automatically invoke the 
standards in the table in paragraph (a) of section 20.101, in order to meet this 
situation. 

Yet, most workers in plants operated by AEC licensees and passing from 
the present standards to the proposed new ones, and with exposure doses 
within present maximum permissible dosage rates, would find no real improve 
ment in their status by the amendments as proposed by the Commission with 
respect to occupational radiation exposure. 

In other words, it is the Commission’s intention to follow the stated purpose 
of the National Committee on Radiation Protection to bring the maximum per- 
missible dose into accord with the trends of scientific opinion, then it should 
eliminate the options it proposes to allow licensees in determining the condi- 
tions under which the reduced exposure levels should be used. 
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Under the Commission’s proposals new workers who have had no previous 
exposure to radiation and others who are presently on jobs where exposure is 
within present established limits would continue under the old standards. 

We come to these conclusions : 

(1) The new NCRP proposed occupational standards of maximum permis- 
sible dosage would be virtually meaningless as applied to workers unless they 
are uniformly applied to all of them. 

(2) Unless management as a whole operates under a set of uniform stand- 
ards, individual concerns who undertake to govern their operations at a lower 
rate of radiation exposures to their workers will be penalized in competing 
with others who elect to take the option of remaining with what amounts to 
the existing standards. 

(3) Since the industry is rapidly expanding, both labor and management 
should be able to rely on uniform standards. Safety and health of workers 
are the basic foundations for their adoption, and management should be re- 
quired to build, operate, or modify equipment and installations to this end. 

We recommend : 

A new paragraph (e) following (d) of section 20.101, which should read: 

“(e) As used in this section, provisions of paragraph (b) and (¢c) shall be 
effective only until the licensee has so established his operations as to comply 
with the limits of occupational dosage established in paragraph (a) of this sec- 
tion, by the date these regulations go into effect.” 

We must strongly recommend that reporting notice to individuals of their 
degree of exposure to radiation should be given more frequently than on a 
calendar quarter. The reason for this is to provide workers with a greater 
feeling of security and for analysis of records by the Commission’s licensing 
and inspection staffs to determine if some plants are pushing the limits or are 
reducing exposure by improved safety measures, 

This would necessitate amending paragraph (c) of section 20.404 to substi- 
tute the word “months” for “quarters,” and in the last paragraph of section 
20.404 the word “month” would be substituted for “quarter” and the figure “42 
millirem’’ would be substituted for “125 millirem.” 

The prpoosed new paragraph (d) section 20.401 should be further amended. 
Individual radiation exposure records are of vital importance to every worker, 
not only until December 31, 1964, or 5 years after the worker’s employment has 
been terminated, but very possibly for many more years to come in many 
instances, 

Should a licensed firm go out of business subsequent to December 31, 1964 
or subsequent to 5 years after termination of a worker’s employment, it would 
be impossible to locate his records should they be needed. Moreover, this sort 
of suggested recordkeeping procedure fails to anticipate the requirements of 
what is hopefully expected to be a rapidly growing industry where maintenance 
of radiation exposure records and their preservation in a central place will be 
come more and more an important administrative tool, as well as affording 
protection to the worker should the latent effects of his accumulated exposure 
to radiation crop up in future years. 

We recommend: 

Changing the wording of paragraph (d) section 20.401 to read: “Records of 
individual radiation exposure which must be maintained pursuant to the pro- 
visions of this subsection shall be permanently preserved.” The remainder 
of the sentence should be stricken. 

The following should be added to the last sentence of proposed paragraph 
(d), section 20.401 to read: “copies of such records shall be maintained per- 
manently by the Atomic Energy Commission's Division of Licensing and Regula- 
tions and submitted by each licensee on a semiannual basis. In the event of 
a licensed operator going out of business or discontinuing use of ionizing radia- 
tion obtained from the Commission, a final submission of such records shall 
be made to the Division of Licensing and Regulations specifying the last date of 
use of fissionable material with respect to each individual worker’s radiation 
exposure history record.” 


Mr. Bremiiier. We believe that we have made considerable progress 
with the Commission staff in acquainting it with labor’s views on the 


aspects of notification to employees, complaint procedures, mainte- 
nance of individual exposure records, regular reporting of the work- 
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er’s exposure history, access by workers to safety procedures of the 
licensed operator, as well as to worker’s own exposure history. 

We urge that there be no needless delay in making the amended 
part 20 regulations effective, once they have cleared the Commission. 
There has already been too much time lost in putting them into effect. 

I might add that I am accompanied by Mr. George Taylor, who 
is the secretary of our staff subcommittee on atomic energy and natural 
resources: Mr. McGowan, who is international representative for the 
Boilermakers’ Union, who has done extensive work in this field, and 
is a valued member of our committee. At the appropriate time you 
may want to ask them some questions, or they may want to contribute 
something on the question of the safety standards. They have both 
heen working very closely with the Commission staff on this matter. 

Until or unless constructive amendments can be made to Public 
Law 86-373, our State legislatures will assume great importance in 
the area of radiation health and safety. 

We express the hope that the Commission’s criteria upon which the 
proposed State plans will be judged will, as a basic safeguard to work- 
ers, adhere to the uniform radiation exposure stand: irds in the exist- 
ing part 20 regulations of the Commission and that the word “com- 
patible” in Public Law 86-373 will therefore have some meaning. 


B. Workmen’s compensation 


The approach to workmen’s compensation for workers disabled 
from ionizing radiation must be bold. We pointed out to this com- 
mittee last year that the ordinary diseases of life, which could be 
triggered either by protracted or limited amounts of acute exposure, 


could not be causally related to the job and, therefore, were outside 
the scope of workmen’s compensation. It should, therefore, be pre- 
sumed that the employee’s subsequent affliction by such a disease arose 
in the course of his employment. Not 1 of the 50 State laws today 
provides for that presumption. Without it there will be no protec- 
tion to many, many workers injured by exposure to ionizing radiation. 

We ask the Congress to amend the Longshoremen’s and Harbor 
Workers’ Compensation Act to provide compensation for disability 
or death resulting from injuries to employees exposed to radiation in 
the course of or arising out of their employment. 

We ask that the amendments to the Longshoremen’s and Harbor 
Workers’ Compensation Act broaden the definition of injury in such 
instances. 

We ask that the claimant’s right to compensation be preserved with- 
out time limitation in the matter of filing claims. 

We ask the Congress to specifically spel] out the presumption neces- 

sary to protect employees so disabled. 

We ask that the administrators of these provisions be authorized 
and directed to determine the necessity, character, and sufficiency of 
any medical or rehabilitation aid furnished or to be furnished and 
they be given the authority to order a change of physician when de- 
termined to be either desirable or necessar Vv. 

We seek a benefit level both for disability and death substantially 
higher than other workmen’s compensation benefit levels because the 
disabling diseases which can be induced by exposure to radiation 
have a higher fatality rate. 
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I realize that the tone of our testimony has been critical of several 
aspects of the peaceful atomic program. I hope, however, that the 
alternative suggestions and proposals will be helpful in the delibera- 
tions of this committee. 

Representative Hoitrrevp. I think it is well to note, Mr. Biemiller, 
that the staff of the committee and certain members of your staff have 
been working together to try to formulate legislative solutions to 
some of these problems. 

Mr. Bremer. I am very pleased to have you state that for the 
record, and I concur. We have been most grateful for the coopera- 
tion we have received. We think we have a bill just about perfected 
that we will attempt to have introduced so that it can be opened up 
for public inspection and more public discussion. 

I have here simply outlined the basic concepts behind the legislation 
that is just about finally drafted. I repeat that we appreciate very 
much the cooperation we have had from the committee staff. 

Representative Hottrretp. We recognize it is a complicated field, 
this relation of injury to place and time of employment. It is cer- 
tainly beyond the scope of our present diagnostic methods. Some 
evaluation or good judgment method will have to be used for the 
usual type of cause and effect in conventional diseases. 

Mr. Bremmer. The third major part of our policy statement 
adopted by our convention, “Safeguard development of this new in 
dustry from being monopolized by a few large corporations.” 


“III. SAFEGUARD DEVELOPMENT OF THIS NEW INDUSTRY FROM BEING 
MONOPOLIZED BY A FEW LARGE CORPORATIONS” 


We wish to commend the Joint Committee and the Congress for 
extending the cross licensing provisions of the patents sections of the 
1954 act for another 5 years. 

We wish also to commend Chairman McCone of the Commission for 
resisting the pressures of the U.S. Chamber of Commerce and the 
private nuclear industry to withdraw from a large field of activities 
which the Commission, through its great national laboratories and 
facilities, conducts in the national interest in its efforts to bro: iden the 
impact and benefits of peaceful atomic development. The efforts of 
private industry to take over the Commission’s national laboratories 
resembles the efforts made by the Second Hoover Commission to create 
a climate of opinion to aes TVA’s power facilities at 10 cents on the 
dollar and it could have a disastrous effect on the bargaining rights 
that our unions have built up over many years in Commission 
installations. 

“Iv. EXPAND USES OF RADIOISOTOPES IN INDUSTRY, MEDICINE, AND 

AGRICULTURE” 


We also are hopeful that the long forward strides taken by the 
isotopes program in 1959 will be even greater this year. Indeed, the 
isotopes program has been the really substantial contribution to date 
of the entire peaceful nuclear development program in the United 


States. We fail to realize the thinking behind the abandonment of 
the food irradiation program. 
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“Vv. AID IN SECURING LEADERSHIP OF THE UNITED STATES IN DEVELOPING 
PRACTICAL USES OF THE ATOM AND AIDING FREE WORLD COUNTRIES IN 
ESTABLISHING THEIR OWN ATOMIC PROGRAMS © 





The lowering of the sights of the Euratom power program is to a 
degree underst: andable by virtue of ac ‘hanged conventional fuel situa- 
tion, but we hope that this will not mean relaxing policies which will 
place atomic development on a large scale into its proper place in 
providing the Western European "C ommunity with competitively 
priced nuclear power in accordance with a forward looking schedule 
to conserve conventional fuels. 

The United States has not adequately supported the International 
Atomic Energy Agency. The large number of bilateral treaties to 
which the U nited States is a party is turning IAEA into what the 
chairman of the committee has recently described as a paper shuffling 
organization, narrowly concerned with safety standards. 

The AFL-C [O urges that positive policies and programs be adopted 
now to realize the promise of the atom in humanity. This year should 
find us moving forward in a new era of restimulated public debate 
instead of merely marking time. 

Representative DurHAmM ( presiding). Thank you very much, Mr. 
Biemiller. Are there any questions? 

Senator DworsHaxk. Yes, Mr. Chairman. 

Mr. Biemiller, I have enjoyed very much listening to your compre- 
hensive statement. I think it covers most of the aspects of atomic 
energy development. I am particularly concerned with the conclud- 
ing paragraph on page 7 in which reference is made to the need in 
securing leadership of the United States in developing practical uses 
of the atom and aiding free world countries in establishing their own 
atomic programs. And you refer to Euratom and its apparent failure 
and also the malfunction of the International Atomic Energy Agency. 

Without reminding you that I was opposed to participation of the 

United States in these two programs, because in the first place I could 
not reconcile the subsidizing to the extent of almost a half billion 
dollars the Euratom program to develop public power in Western 
Europe. That was on the basis of expediting the development of re- 
search and development in the European operation which could be 
utilized in the development of the art in this country. They have 
broken down, or at least they have slowed down and retarded ma- 
terially this program in Europe, and there is great concern whether 
it will ever be revived. Don’t you think that if there was justifica- 
tion for the participation of the United States in that program 
essentially to get research and development of atomic power that we 
could very well utilize some of the funds to expedite the development 
of research and development i in this country if there is a recognized 
need for facilitating this particular development. What is your re- 
action to that? 

Mr. Bremitier. Senator, may I first of all point out that for a decade 
the AFL-CIO and previous to merger its two component parts, have 
been urging the Congress of the United States to appropriate money 
and lay plans for more intensive development of the peaceful use of 
the atom in this country. So far that has not been accomplished. 
We have renewed our plea again in my statement here today. 
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Secondly, I do not think it is necessarily a case of either/or. I 
think both ends can be met. I certainly would agree that if Euratom 
has slowed down to the extent that it now appears probable and hence 
would not even be in a position to make use of the projected American 
funds, I certainly would have no objection to seeing those funds 
utilized for research and development in the United States. 

However, I do want to stress the fact that the American labor move- 
ment, working with the free trade unions of Europe, through the 
International Confederation of Free Trade Unions, has backed very 
strongly the development not only of Euratom, but of the Common 
Market and the Steel and Coal Community, because we have felt that 
all of these very economic developments also carried some important 
political implications, moving in the direction of keeping Europe 
in a more prosperous condition and hence keeping our very important 
NATO allies in the best possible position. 

So our plea is basically that we do what we can by utilizing our 
resources and our influence to get Euratom back on the track and get 
it moving. But above all, let us have research both in the United 
States and in Europe, because we need it and need it badly. 

Senator DworsuHak. Yes, but the European countries in Euratom 
prefer to use conventional fuels and they are not particularly inter- 
ested in atomic power research and development and the construction 
of plants. Then certainly we should not force them to proceed with 
that program and it might be much more advisable for use to expedite 
this same program at home, because if we need nuclear power to sup- 
plement the generation of conventional power, we should not be too 
much discouraged by this development in Western Europe. We 
ought to be primarily concerned about what is best for the develop- 
ment of atomic energy in this country. Will you agree with that! 

Mr. Bremiuier. I stated a moment ago that if your premise proves 
to be correct, then I certainly think that we ought to intensify our 
efforts in the United States. I hope, Senator, that your statement 
means that we can look forward to support from you for the type of 
legislation embodied in the Gore-Holified type of bill because that is 
What we are going to need if we are going to do this. 

Senator DworsHak. I certainly did not imply any commitment, but 
Iam aware of the need of expediting development in this country. I 
have taken that position. It was demonstrated last year when our 
defense appropriations subcommittee authorized the building of a 
nuclear powered aircraft carrier and provided $35 million for long 
lead items. Subsequently, the Navy Department said that because of 
the rapidly increasing cost of building such a nuclear powered aircraft 
carrier that they decided that they should use conventional power. 
That points out what I am trying to emphasize. If we have spent in 
this country $17 or $18 billions on research and development in reactor 
plants, and the various segments of this entire program, then it seems 
rather ironical that we have priced ourselves out of actually using 
nuclear power for aircraft carriers. I would certainly agree with you 
that we ought to insure maximum development and use of the facilities 
Which we have developed in this country, overlooking the fact, or 
minimizing the fact that we should not govern our activities or our 
policymaking in this respect upon what is being done in Western 
Europe with or without our help. 
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Mr. Kremiuuer. | agree, 

Senator Dworsuak. You agree with that / 

Mr. Biemituer. Yes. 

Senator Dworsuak. One more question, Mr. Biemiller. You re- 
ferred to the fact that the United States has not adequately supported 
the International Atomic Energy Agency. I don’t know what basis 
vou have for that rather conclusive statement. 

Mr. Bremituer. | believe, Senator, you will find in my statement 
for the AFL-CIO a year ago some comments on this matter. I don’t 
see they have improved any. We don’t think, for example, that we 
have done what we could in advancing fuels for the use of the Agency. 
= e just simply have the feeling that most of our efforts have been 

rected to bilateral treaties rather than trying to work through the 
Siaviedhon Atomic Energy Agency. 

Senator Dworsuak. On the hearings held in this committee on the 
International Atomic Energy Agency I pointed out to Chairman 
Strauss that we had 40 or 50 bilateral agreements, and if we wanted 
to participate vigorously and actively, we had the opportunity to do 
it through the mechanism of the bilateral agreements. I think this is 
merely evidence that this Agency was not set up properly, because we 
were already doing the job « or had an opportunity to cooperate with 
friendly nations in the development of atomic energy. I don’t think 
vou can place the blame on the AEC or the Joint Committee or the 
United States or any segment of our Government for the alleged fail- 
ure of the international agency. I think it merely bears out the fact 
that we are not ready yet for that kind of cooperation in this particular 
program. 

Again I would like to point out, and I am sure you will agree with 
me, that if there is essential need of doing something with these other 
countries we are able to proceed under the bilateral treaties. 

Mr. Biemiuier. I think, though, that when we try to ride horses 
going in different directions, we are bound to get into trouble. We 
have almost a schizophrenia in this area now. “We would like to see 
moves made toward strengthening our cooperation with the Inter- 
national Atomic Energy Agency. 

Senator DworsHaxk. You prefer that to the bilateral treaties ? 

Mr. Bremiuter. I think in the long run and for the welfare not only 
of the United States, but the world as a whole, that there is a greater 
promise through working through the International Atomic Energy 
Agency. 

Senator DworsuHak. When you realize that some of the Soviet 
countries and other nations which heretofore have not been very 
friendly to us internationally are included in the international agency, 
probably that is the reason for what you say is the lack of success. 

Mr. Bremer. Senator, I am well aware of the problems involved 
there. I represented the International Confederation of Free Trade 
Unions at the deliberations in the United Nations which led to the 
creation of this agency, and I am well aware of those problems. I 
think you also are well aware of the consistent stand of the AFL-CIO 
on the whole question of dealing with the Kremlin and its satellites. 
We are the last people in the world who want to see that situation 
develop whereby we would be aiding such people. On the other 
hand, we do think that there are safeguards in the International 
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Atomic Energy Agency, and it is simply to us a matter of basic foreign 
policy that if we are going to proceed with trying to develop inter- 
national agencies, we better try to do it, and not just pay lipservice. 
This is the thing that bothers us. 

Senator Dworsuax. Mr. Biemiller, don’t you concede that prob- 
ably if this International Agency is not as successful as you think 
it should be that is largely the result of a lack of cooperation of the 
other nations and not particularly because the United States is re- 
luctant to proceed ? 

Mr. Bremiuter. I am not sure that we have wholehearted!y 
to cooperate with the IAEA. 

Representative DurHAM. Would the Senator yield ? 

Senator Dworsnak. I am through. 

Representative DurnAm. We have had an exchange of personnel. 

Mr. Bremitier. Of this I am aware, but I don’t think we have lived 
up to all of our commitments to the IAEA. 

Chairman ANprERsoN (presiding). Thank you, Mr. Biemiller. 

Mr. Bremitter. Mr. Chairman, may I request that my colleague, 
whom I introduced a few moments ago, Mr. MacGowan, be allowed to 
comment further on this question of the safety problems that we see 
ahead of us? 

Chairman Anperson. Yes. Will you proceed / 

(Mr. Biemiller’s statement follows :) 


tried 


STATEMENT OF ANDREW J. BIEMILLER, DIRECTOR, DEPARTMENT OF LEGISLATION, 
AMERICAN FEDERATION OF LABOR AND CONGRESS OF INDUSTRIAL ORGANIZATIONS 


Organized labor has no less vital interest now in the achievement of a positive 
forward-looking program to harness the atom for mankind, than in the past. 
We share the feelings of frustration that are expressed by other groups in their 
annual assessment of where we stand now and expect to stand in the future. We 
express the hope that public debate on how to go about developing its potential 
will again this year become strenuous and lively. 

Another year has passed into history, a year which saw very little added to the 
record of peaceful atomic accomplishment and a serious setback to workers in 
the field of radiation, health and safety. 

Nevertheless, we have been completely convinced by spokesmen for the Com- 
mission and for the Joint Committee, that the atom can be developed as a major 
new energy force in shaping the future economy of America and the world. We 
are equally convinced that it has manifold other uses in addition to energy itself, 
which already are quietly and pervasively making themselves felt in industry, 
medicine, agriculture and various fields of scientific research. We believe that 
atomic development can be made to proceed with full protection to the safety 
of workers and the general public. 

Therefore, the strictures which labor brings to this occasion, can be best under- 
stood if they are recognized as our best efforts to add what we can to con- 
structive debate over what kinds of policies and programs will be in our judg- 
ment best adopted to realize the prognostications of the experts and by so 
doing, add to the economic strength of American and the free world. 

I request to have included in the record AFL-CIO policy resolution No. 124, 
on atomic energy, adopted in September 1959 in San Francisco. 

My testimony will comprise brief comments on each of the five major aspects 
of what the AFL-CIO conceives of as the desirable end products of peaceful 
atomie development in America. Each of labor's major goals are quoted from 
the preamble to our policy resolution No. 124. 


“Tt, ESTABLISH ACCELERATED PROGRAMS TO DEVELOP NUCLEAR POWER IN 
AMOUNTS AND AT COSTS COMPETITIVE WITH THOSE OF POWER GENERATED BY 
VENTIONAL FUELS” 


LARGE 
CON- 


On February 16, the Atomic Energy Commission released its four part report 
on “The Status and Potential of Civilian Nuclear Power Reactors, and Its 
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Plans for Future Development.” This report and recommendations for a so- 
called 10-year nuclear power development plan, has been awaited since it was 
announced as in the making last year. 

Its release has come against a general background of adverse criticism of 
the Commission’s past programs by many responsible experts in the field, to 
which the voice of organized labor has for several years been added. 

The honorable chairman of this committee, in a speech delivered January 15 
of this year, contrasted the lagging atomic industry with the advent of the 
decade of the “Soaring Sixties.” He contracted the 2 million kilowatts of 
nuclear power capacity forecast for 1960 by AEC’s then Director, Division of 
Reactor Development in 1955, with the cold actuality of 1960—Shippingport, 
built under the 1946 act, and now shut down for core replacement, two small 
nuclear powerplants in California completed, four other projects delayed, and 
two additional ones canceled. 

Representative Holifield in a January 19 speech, took a similar approach 
to that of the chairman. He added that “somebody laid an egg” as a result 
of the 1954 Atomic Energy Act amendments, and that “unless we take more 
vigorous action to make our predictions come true, I fear we may be forever 
predicting that atomic power will be here in 10 years.” 

Former AEC Chairman, David Lilienthal has on two recent occasions told 
reporters that nuclear power has been oversold by its supporters and the present 
program “is not to be taken seriously.” 

Admiral Hyman Rickover, the dynamo behind our successful naval reactor 
program, is of the opinion that competitively priced nuclear power is still 20 
years in the future. 

In November of last year, Dr. Chauncey Starr, general manager of Atoms 
International and vice president, North American Aviation, Inc. told the Atomic 
Industrial Forum in effect “that the atomic development honeymoon was 
over * * * time for commercial profit from atomic power keeps moving further 
away, and the possibilities of striking that moving target are less certain. What 
then has happened to fade the nuclear rose?’ asked Dr. Starr. “Simply 
answered, our national objectives have shrunk.” 

The Commission’s just published reply to this general criticism is the result 
of 7 months’ work by the Reactor Development Division of the Commission. It 
consists of more than 300 pages of highly technical material, charts, tables, 
forecasts, and policy statements and findings. 

This material was received by the AFL-CIO on the day these hearings began. 
We are not blessed with a staff of reactor experts and cannot offer expert 
comment on the technical data that form the foundation for the Commission’s 
recommendations. 

I think it is only accurate to assume that the 1958-68 reactor development 
program has been forced to spend the night in the Procrustean bed of the 
Bureau of the Budget. What has emerged is a modest program which may 
provide another million kilowatts of installed nuclear capacity by the year 1969, 
if all goes well. 

This would conceivably bring America’s total development atomic capacity 
to the neighborhood of 2 million kilowatts, which was the goal announced in 
1955 to be achieved by 1960. 

Chairman McCone expressed a sense of urgeney on his return from the Soviet 
Union. He told the Atomic Industrial Forum in November 1959, that in order 
to more than match that nation’s accomplishments in the field of peaceful nu- 
clear development, we must find ways and means of consolidating our scientific 
and technical efforts and directing them on an accelerated basis in pursuit of 
the early accomplishments of important objectives. 

We fail to see the drastic import of the AEC chairman’s words reflected in 
the Commission’s 10-year nuclear power program. 

The Commission is proposing, with varying degrees of firmness, 11 new starts. 
Three types are pressurized water, one boiling water, one nuclear superheat, 
one organic moderated, two sodium, one gas cooled, one heavy water and one 
homogeneous. 

No new construction starts on this program are contemplated until 1963 or 
1964. The likeliest new start is the pressurized water reactor. The PWR- 
Spectral design would be started in the “early 1960's,” if it appeared promis- 
ing; the PWR military reactor would perhaps be undertaken in 1962. 

No new work on PWR design is contemplated until after 1963 or 1964, at the 
earliest, although the Commission indicates possibility of a small 20—-30-mega- 
watt plant in 1963 or 1964. It is obvious this conclusion is a major conces- 
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sion of the Budget Bureau’s bookkeeping theory of achieving national policy 
goals. 

Probably in 1963, the Commission will begin construction on the nuclear super- 
heat type, while the Commission program states no more prototypes are needed 
on the organic moderated water concept since the 50-megawatt plant, authorized 
last year, will be started in 1960-61. 

The sodium fast reactor of 100-megawatts is indicated for a start in maybe 
1963 or 1964, but the sodium thermal design is not considered as a strong 
possibility, at any rate not before 1963 or 1964. 

Sometime in the “mid sixties” construction is planned to be initiated on a 
100-megawatt gas-cooled reactor. No decision on a large natural uranium 
heavy water plant will be made until 1966 or 1967, and a final decision on a 50- 
megawatt homogenous reactor is likewise deferred until the late 1960's. 

In the most optimistic assumption—namely, that all of the reactor design 
concepts comprised in the Commission’s program are pursued and become criti- 
cal by 1970, the net installed electrical capacity gain would be roughly 1 mil- 
lion kilowatts. This is one-half of the amount enthusiastically predicted by the 
AEC in 1955 as in the offing by 1960 (2 miilion installed kilowatts). Together, 
with nuclear plants now in operation, under construction or planned under the 
present partnership program of the Commission, we might expect by 1970 about 
2 million kilowatts of nuclear capacity (the former 1960 goal) with only half 
of this total contributed by the 10-year program. 

If it is only kilowatts that are being pursued, then we can only conclude 
that the existing program will yield as many as the new Commission approach. 
From this, it is apparent that the Commission is not proposing an accelerated 
program, but is merely gearing its reactor development blueprint to the limited 
objective of attaining nuclear power at costs comparable with those of power- 
plants served by fossil fuels in areas where power now costs 7 mills or more 
per kilowatt. This would then presumably be the foundation upon which an- 
other program could be proposed to the Congress to undertake the task of re- 
ducing the unit kilowatt-hour cost of atomic power to levels where it might be 
competitive with conventionally fueled facilities in lower cost fuel areas, as 
well. 

The net import of this is that abundant low-cost nuclear power as a sig- 
nificant contributor to a three- to five-fold increase in national power demand by 
1975-80 just will not be and is not proposed by the Commission. Whether 
or not the Commission will consider the atomic power industry within shoot- 
ing distance in the 1975-80 period will depend on the outcome of the present 
10-year program now proposed. 

At this point, it would be less than just not to recognize the possibility that 
there is real seriousness of intent behind the announcement of Chairman Mc- 
Cone as an addendum to his prepared testimony that Southern California Edison 
and Pacific Gas and Electric are negotiating with Westinghouse and General 
Electric with the purpose in mind of each constructing a 300-megawatt pressur- 
ized water reactor costing about $60 million. Apparently it is planned to 
integrate their power output into their respective systems. Such a facility 
is theoretically capable of producing power at about 8 mills per kilowatt-hour, 
about 1 mill in excess of the prevailing cost of a fossil fuel powerplant of the 
same capacity in the high cost power area. 

Judging by the elaborate advertising in trade journals by General Electric 
and Westinghouse, what is involved here is a so-called “turnkey” arrangement, 
whereby the manufacturer will design and construct a large scale nuclear pow- 
erplant and hand it over to the utility ready to operate. 

If this can be now accomplished without Government subsidy, it would appear 
that America has emerged in 1960 with competitive commercial nuclear power 
in high cost fossil fuel areas while the Commission is simultaneously telling 
us through its 10-year plan that we will not gain this major objective until 1970. 
The private utility industry seems to think so, judging by the recent Edison Elec- 
tric Institute’s estimate of 7.7 million kilowatts of nuclear power capacity by 
1970 submitted to the Senate Select Committee on Water Resources. 

We find the situation as difficult to interpret as the Dead Sea Scrolls. It raises 
some fundamental questions to which we believe the Joint Committee could well 
attempt to obtain answers in the interest of a sound nuclear power policy: 

1. Can America’s private nuclear industry now design and construct economi- 
cally feasible power stations which could be started this year and produce power 
on completion which can be integrated with a privately owned electric utility’s 
System at a cost competitive with that utility’s fossil fuel generated power? 
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2 Or is the intermediate goal further off, as the Commission now views it in 
its 10-year program? 

8. Or is the intermediate goal even further away in time than about 1970, as 
some pessimistic experts indicate? 

4. On the basis of each of the three assumptions above, where does that leave 
the major target-nuclear power competitive in cost with fossil fueled power any- 
where? 

Should the answer be “Yes” to the first question we raise, the Commission's 
role in the prototype and demonstration phases of nuclear power reactor develop- 
ment should be drastically examined and confined in general to work on advanced 
concepts. Its existing subsidy policies would certainly be subject to similar 
excision, for it would certainly appear that the industry had at least come of 
age and could very well stand unaided on its own two feet. Any new proposed 
subsidy device, such as capital grants, would be immediately suspect. 

If the answer be “Yes” to the second question, then it becomes a matter of con- 
jecture as to whether General Electric and Westinghouse can really do what 
they have indicated with respect to providing utilities in 7 mill or higher fuel 
areas with nuclear power at about this unit cost of production, without asking the 
Federal Government for some kind of nuclear Brannan plan for the utility 
industry. 

This brings us back to our view that the Commission’s 10-year program is in- 
adequate; in terms of its stated immediate power cost objective, when this ob- 
jective should be reached, the time table of new starts and the continued wait 
and see attitude with respect to hope for private utility participation aided by 
the usual subsidies. 

The Commission’s role in the proposed program could hardly be termed @ 
positive one. “Alternatively, prototypes could be built and operated by the 
Commission,” says the introduction to part IV of the program. As to the dem- 
onstration stage, there is no mention of a dynamic role by the Commission, 
except “to consider possible assistance on initial plants in various concepts 
useful for demonstration purposes.” 

Should the answer be “Yes” to the third question we ask, then the American 
public should be given the answer as to whether it is technically impossible to 
bring abundant low-cost atomic power to the consumers of this Nation, or 
whether a new and aggressive policy is needed to get the job done. 

The answer to the fourth and last question we have raised—when, if ever, 
will we find the atom contributing substantially to the Nation’s mushrooming 
power demands ?—will in the largest measure depend on how the previous ques- 
tions are answered, and what policies and programs are then adopted. 

What are labor’s suggested alternatives to the Commission’s new-start pro- 
gram as proposed? 

The AFL-CIO will base its suggestions on the Commission’s existing and 
proposed programs, which have as often as not been given life by the Joint 
Committee, in many cases against Commission opposition. 

With no reactor technician in our organization, we cannot recommend speci- 
fied reactor types or sizes and provide a schedule of construction that might be 
followed. It would hardly be possible to accomplish such a feat in a few days 
when the Commission’s new program culminates from 7 months of work by the 
Division of Reactor Development in consultation with private industry. Even 
the 10-year blueprint has been fed by a number of previous studies undertaken 
by or on behalf of the Commission. 

We do, however, make these proposals for the consideration of the Joint 
Committee: 

1. Why no new starts until 1963? We urge that the Commission’s timetable 
be drastically speeded up and firmed. 

2. It is necessary to provide a new core to expand installed power capacity 
at Shippingport to 150 megawatts. Money for this project should be immedi- 
ately appropriated. Shippingport is uniquely valuable as the only fairly large 
operating power reactor producing valuable information for the utility industry 
at large. 

3. The power aspect of the Hanford dual-purpose plutonium reactor is a most 
important immediate undertaking. There is a potential of 700 megawatts 
there, which is now wasted heat carried into the Columbia River. We hope 
that the optimistic predictions of economic feasibility by General Electric will 
he borne out by the present study being undertaken for the Commission by 
Sargent & Lundy. Surplus power in excess of the needs of the Hanford works 
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should be taken and marketed by the Bonneville Power Administration to its 
wholesale customers. 

4. We urge adoption in this session of Congress of legislation to authorize a 
large-Scale demonstration reactor program with designs to be undertaken by 
the Commission at Commission facilities, along the outlines of the Gore-Holifield 
bills. Last year the executive council of the AFL-CIO endorsed in principle, 
S. 688 by Senator Gore as a desirable legislative approach. We do not deviate 
in our often stated conviction that only if the Commission itself undertakes to 
unlock the door to competitively priced nuclear power by such a broad demon- 
stration program will the hopes for abundant nuclear energy be realized in the 
reasonably near future. 

5. I have already raised several questions concerning where we stand and 
hope to stand with respect to obtaining competitively priced nuclear power. 
We, therefore, urge that the Joint Committee establish some kind of impartial 
basis of reviewing the basic power-cost assumptions underlying the Commis- 
sion’s program. Moreover, there should be close scrutiny of the negotiations 
between the two California utilities and General Electric and Westinghouse 
companies. The public now has no way of debating the theoretical power-cost 
question intelligently. 

There is before the public, on the one hand, the pessimism of Lilienthal and 
Rickover and, on the other hand, the optimism of the Commission, Westing- 
house, and General Electric, and a panel of leading reactor experts whose 
unofficial comments reflected in the January 1960 issue of Nucleonics magazine, 
ure strongly optimistic that nuclear power capable of competing with fossil-fuel 
power in high-cost power areas is within grasp in the 1960's. 

Specifically, we should like to see an immediate study along these lines under- 
taken by the Joint Committee headed by a person or persons capable of making 
such evaluations, free from any special viewpoint which might reduce the weight 
of his findings. 

In this connection, computations should be made, using both Federal and pri- 
vate fixed charges. The Commission’s program derives its power-cost estimate 
solely from private fixed charges. 

6. Like water development, atomic energy is a resource which should be 
developed under policies which recognize its public nature and the stake of every 
American as consumer-taxpayer-citizen in its potential being fully developed in 
the public interest. Therefore, the United States should play its appropriate 
and pioneering part in helping to develop the peaceful uses of nuclear power. 
That is why we propose that the Joint Committee look to the 1954 act with the 
aim of enabling Federal resources agencies to participate in atomic power devel- 
opment as a yardstick in the field, a yardstick as badly needed as that provided 
by Congress over the past half century in the area of hydro development. This 
could be accomplished by license from the Commission. 


“Il, ACHIEVE GREATER PROTECTION TO THE HEALTH AND SAFETY OF WORKERS AND THE 
GENERAL PUBLIC FROM RADIATION HAZARDS” 
A. Radiation health and safety 

The AFL-CIO atomic energy policy statement adopted in San Francisco 
emphasizes that: 

‘he relatively safe progress in occupational health and safety thus far has 
been achieved because control of radiation hazards has been a Federal respon- 
sibility. Continuance of this responsibility is crucial because the number of 
injuries, illnesses, and deaths from this cause can correspondingly be expected 
to mount as the atomic industry grows.” 

In September 1959, Public Law 86-373 amended the Atomic Energy Act of 
1954. The AFL-CIO has consistently opposed this kind of legislation. We 
feel that it can gravely threaten the health and safety of hundreds and thou- 
sands of workers engaged in ever-growing numbers in jobs where there is 
exposure to ionizing radiation. 

Labor’s experience with the governments of the various States in the field 
of social and economic programs has been and continues to be frustrating. We 
cannot be expected to harbor any confidence that Public Law 86-373 will bring 
about adequate occupational radiation health and safety programs enacted and 
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effectively carried out by them without pitched battles against the same anti- 
labor forces that have prevented workmen’s compensation, unemployment com- 
pensation, and other similar programs from giving workers, in general, decent 
protection. 

Public Law 86-373 enables the various States to take over from the Federal 
yovernment regulatory authority in the field of occupational radiation dealing 
with radioactive materials owned by the Commission and used by private 
industry under Commission license. It also establishes a Federal Radiation 
Council, chaired by the Secretary of Health, Education, and Welfare, to advise 
the President, other Federal agencies, and the States on radiation matters. 

We do not believe the States can do the job assigned them under the new 
law. To our best belief and knowledge, no State, except possibly California 
and New York, has an effective program regulating its internal manmade radi- 
ation hazards that are of intrastate or local nature. These include radium, 
X-ray machines, other X-ray devices, particle accelerators, uranium mining, 
intrastate shipments and storage of fissionable materials, and local waste- 
disposal problems. 

State activity in the field of regulating the use of fissionable material de 
rived since passage of the 1946 Atomic Energy Act varies widely. 

The States of Alabama, Arizona, Idaho, Indiana, Iowa, Kansas, Louisiana, 
Maryland, Michigan, Mississippi, Missouri, Montana, Nebraska, Nevada, New 
Mexico, North Carolina, Oklahoma, Vermont, and West Virginia have enacted 
no statute or regulations dealing with radiation as such. 

States which have enacted laws requiring registration by users of radioactive 
material or establishment of study or advisory groups include Georgia, Illinois, 
North Dakota, Oregon, South Carolina, South Dakota, Virginia, and Wyoming. 

Some regulations, for the most part dealing with occupational exposure, have 
been issued through existing State departments—sometimes the public health 
department, less often the State labor department—in Arkansas, Colorado, Del- 
aware, Florida, Kentucky, New Jersey, Ohio, Oregon, Utah, and Wisconsin. 

The so-called model act, drawn up by the National Committee on Radiation 
Protection and Measurement, has been incorporated into the State laws in sub- 
stantial part by Arkansas, Connecticut, Florida, Maine, Massachusetts, New 
Hampshire, Ohio, Rhode Island, Tennessee, and Washington. 

The NCRPM legislative recommendations propose establishment of a coordi- 
nator, with existing State agencies performing the rulemaking functions. Most 
of the above States have not done much to put their acts into effective applica- 
tion. 

Undertaking comprehensive regulations, which vary among one another, are 
the States of California, Minnesota, New York, Pennsylvania, and Texas. 

We submit, therefore, that the States have not shown willingness or ability to 
tackle this new occupational health and safety problem. We also submit that 
they have not shown the initiative to regulate radiation, which constitutes an in- 
trastate or local situation which has never been proposed for preemption by the 
Federal Government. 

Thus, the whole future of strong and effective State regulation over occu- 
pational health and safety programs dealing with regulation is questionable, 
and prospects for uniform and effective control remote. 

The problem faced by workers in seeking adequate safeguards over radiation 
exposure on their daily jobs is further complicated by the lack of adequate 
supplies of trained manpower in the radiation safety field. 

In 1957, C. A. Nelson, AEC’s Director of Inspection, said that the best way of 
living with this manpower shortage is by means of a single Federal exposure 
standard applied nationwide. Inspection and enforcement should be carried out 
against that standard. 

During the Joint Committee hearings last year on “Employee Radiation Haz- 
ards and Workmen’s Compensation,” Mr. Nelson pointed out again that “* * * 
One of the most serious problems the States have right now is that of obtaining 
people in the field of radiation control and safety.” He said that such a problem 
requires time and money, but that money was not the complete answer, as it is 
difficult to go out in the open market and hire qualified technical people. 

Mr. Nelson expressed his disappointment in the response from the States to 
the Commission's training program. “* * * It is apparent that the States did 
not have many qualified personnel to participate in this program.” 
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In spite of our very grave misgiving concerning the effect of this law on the 
future job safety of workers exposed to ionizing radiation, we recognize that 
this law is on the statute books. 

We must work with this law at present, both on a Federal and State level, 
but we do not think, in the long run, it is workable. Therefore, we are urging 
the Joint Committee to amend it drastically. 

Specifically, our proposed amendments call for the following changes in 
Public Law 86-3738: 

1. Broadening the representation of the Federal Radiation Council (sec. 274h). 
It should include on a Cabinet level the Secretary of the Interior and the 
Postmaster General. The Chairman of the Federal Power Commission and the 
Interstate Commerce Commission and Civil Aeronautics Board should also be 
included. 

In addition, there should be named by the President to the Council representa- 
tives of the scientific community and a representative of labor, of management, 
and of the public at large. 

2. In section 274h, there should be added language to enable the Federal 
Radiation Council to work with an adequate staff, operating on a day-by-day 
basis, aS a part of the Department of Health, Education, and Welfare. The 
Council should be authorized and directed to determine minimum safe levels 
of radiation exposure to human beings in the United States and to review under 
such exposure standards private license applications to use fissionable material 
belonging to the Commission, as well as proposed State plans to assume broader 
regulatory authority. 

We propose that this amended section should also provide that approval of any 
State-proposed radiation health and safety program would be contingent on a 
showing by the State that it was already adequately handling its own internal 
radiation hazards. The Federal Radiation Council should be authorized and 
directed to make continued studies of radiation in the United States and submit 
annual reports and recommendations to the Congress. 

We recommend an amendment to section 274i of the new law for inclusion 
of a provision enabling the Atomic Energy Commission to provide matching 
funds of not less than 50 percent of the estimated administrative costs of any 
approved State radiation health and safety program. 

Labor has been striving to work with the staff of the Commission to achieve 
the fullest possible protections for the worker in the revisions of the Commis- 
sion’s part 20 standards governing occupational exposure to licensed users of 
fissionable material owned by the Commission. 

As the committee will recall, the AEC in 1955 adopted NCRPM exposure 
standards with some modifications, and made them effective in February 1957. 
NCRPM amended its 1955 exposure standards also in the first part of 1957. 
One month after the amended standards emanated from NCRPM, they were 
adopted by AEC. But it was not until May 6, 1959, that the Commission promul- 
gated proposed amendments to its 1955 exposure standards to cover licensed 
users of fissionable materials owned by the Commission. 

I should like to have included in the record the AFL-CIO criticism of the 
proposed amendments contained in a letter to Chairman McCone from our Sec- 
retary-Treasurer William F. Schnitzler. 

Since that time, our Staff Subcommittee on Atomic Energy and Natural Re- 
sources has been working closely with the staff of the Commission in attempting 
to strengthen the proposed amendments to the part 20 regulations in order to 
achieve better protection to the worker exposed on the job to ionizing radiation. 
We believe that considerable progress has been made in the aspects of proper 
notification to employees, complaint procedures, maintenance of individual ex- 
posure records, regular reporting of the worker’s exposure history, access to 
safety procedures of the licensed operator as well as to the worker’s own 
exposure history. 

We urge that there be no needless delay in making the amended part 20 regu- 
lations effective once they have cleared the Commission. There has already 
been too much time lost in putting them into effect. 

Until, or unless, constructive amendments can be made to Public Law 86-373, 


our State legislatures will assume great importance in the area of radiation 
health and safety. 
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We express the hope that the Commission’s criteria upon which the proposed 
State plans will be judged will as a basic safeguard to workers adhere to the 
uniform radiation exposure standards in the existing part 20 regulations of the 
Commission and that the word “compatible” in Public Law 86-373 will, there- 
fore, come to have some meaning that will be some what reassuring to our 


workers. 


B. Workmen’s Compensation 

At the hearings before the Subcommittee on Research and Development of the 
Joint Committee on Atomic Energy last March, we stated that the approach to 
workmen’s compensation for workers disabled from ionizing radiation must be 
bold or our accomplishment would fall short of the mark. We pointed out that 
the ordinary diseases of life which could be triggered either by protracted or 
limited amounts of acute exposure could not be casually related to the job and 
therefore were outside the scope of workmen’s compensation. We stated that 
in all cases of ordinary disease which can be caused by exposure to ionizing radi- 
ation it should be presumed that the employee’s subsequent affliction by such a 
disease arose in the course of his employment. We regretfully report that not 
one of the 50 State laws today provide for that presumption, and without it there 
will be no protection to many, many workers injured by exposure to ionizing 
radiation. 

We ask the Congress to amend the Longshoremen’s and Harbor Workers’ 
Compensation Act to provide compensation for disability or death resulting from 
injuries to employees in employments which expose employees to radioactive 
properties or substances or to Roentgen rays (X-rays) or exposure to ionizing 
radiation caused by any process involving the use of or direct contact with 
radium or radioactive properties or substances or the use of or direct exposure 
to Roentgen rays (X-rays) or ienizing radiation in the course of or arising out 
of their employment. 

We ask that the amendments to the Longshoremen’s and Harbor Workers’ 
Compensation Act broaden the definition of injury in such instances. 

We ask the Congress to specifically spell out the presumption necessary to 
protect employees so disabled. 

We ask that the claimant's right to compensation be preserved without time 
limitation in the matter of filing claims. 

We ask that the administrators of these provisions have authority and be 
directed to determine the necessity, character, and sufficiency of any medical or 
rehabilitation aid furnished or to be furnished, and the authority to order a 
change of physician when it is determined to be either desirable or necessary. 

We seek a benefit level for disability substantially higher than other work- 
men’s compensation benefit levels because the disabling diseases which can be 
induced by exposure to radiation are more often than less often fatal. 

Again, we urge the Congress to establish a national program to solve ade 
quately a national problem. 

I realize that the tone of our testimony has been critical of several aspects of 
the peaceful atomic program. I hope, however, that the alternative suggestions 
and proposals will be helpful in the deliberations of this committee. 


“TTT. SAFEGUARD DEVELOPMENT OF THE NEW INDUSTRY FROM BEING MONOPOLIZED BY 
A FEW LARGE CORPORATIONS” 


We wish to commend the Joint Committee and the Congress for extending the 
cross-licensing provisions of the patents section of the 1954 act for another 5 
years. 

We wish also to commend Chairman McCone of the Commission for resisting 
the pressures of the U.S. Chamber of Commerce and the private nuclear industry 
to withdraw from a large field of activities which the Commission, through its 
great national laboratories, conducts in the national interest in its efforts to 
broaden the impact and benefits of peaceful atomic development. The efforts of 
private industry to take over the Commission’s national laboratories resembles 
the efforts made by the Second Hoover Commission to create a climate of opinion 
to sell TVA’s power facilities at 10 cents on the dollar. 
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“Iv. EXPAND USES OF RADIOISOTOPES IN INDUSTRY, MEDICINE, AND AGRICULTURE” 


We also are hopeful that the long forward strides taken by the isotopes pro- 
gram in 1959 will be even greater this year. Indeed, the isotopes program has 
been the really substantial contribution to date of the entire peaceful nuclear 
development program in the United States. We fail to realize the thinking 
behind the abandonment of the food irradiation program. 


“vy. AID IN SECURING LEADERSHIP OF THE UNITED STATES IN DEVELOPING PRACTICAL 
USES OF THE ATOM AND AIDING FREE WORLD COUNTRIES IN ESTABLISHING THEIR 
OWN ATOMIC PROGRAMS 


The lowering of the sights of the Euratom power program is to a degree under- 
standable by virtue of a changed conventional fuel situation, but we hope that 
this will not mean relaxing policies which will place atomic development on a 
large scale into its proper place in providing the Western European Community 
with competitively priced nuclear power in accordance with a forward looking 
schedule to conserve conventional fuels. 

We also deplore the failure of the United States to support the International 
Atomic Energy Agency more adequately. The large number of bilateral treaties 
to which the United States is a party is turning IAEA into what the chairman of 
this committee has recently described as a paper shuffling organization, narrowly 
concerned with safety standards. 

We in the AFL-CIO and its affiliated unions have never lost sight of the 
promise of peaceful nuclear development or its potential in shaping the economy 
of the future in the interest of our Nation and the free world. We believe that 
this year should find us moving forward in a new area of restimulated public 
debate instead of marking time. 


STATEMENT OF CHARLES F. MacGOWAN, ON BEHALF OF THE 
AFL-CIO 


Mr. MacGowan. My name is Charles F. MacGowan. I am an inter- 
national representative of the International Brotherhood of Boiler- 
makers, Iron Ship Builders, Blacksmiths, Forgers & Helpers of 
America. My current assignment has been to the field of nuclear 
energy, having been assigned there by International President Wil- 
liam A, Calvin, who, with our executive council, early recognized 
the impact of nuclear energy upon our trade. I also serve as 
AFL-CIO representative to the American Standards Association 
nuclear standards board and on several subcommittees thereof, 

Because of the pressing demands upon the time of the members of 
this Joint Committee, I will restrict my comments to a very narrow 
area of the Atomic Energy Act, and address myself to one of the sig- 
nificant points in the recent (September 1959) amendment to the 
Atomic Energy Act of 1954 (Public Law 86-373). This amended 
section establishes on a statutory basis the Federal Radiation Council 
(subsection h), besides dealing with the entry of the various State and 
local governments into matters requiring the regulation and control 
of nuclear materials, drawing a line between activities “deemed appro- 
priate” for State regulation, “and other activities where continued 
AEC regulation is necessary.” 

The Atomic Energy Act of 1954, as amended in section 274, now re- 
uires a Federal Radiation Council which will (1) advise the Presi- 
ent on matters “directly or indirectly affecting health” in atomic 

energy, as well as, (2) aavine other Federal agencies with respect to 
formulating radiation standards in these matters, and (3) promulgate 


=* 
and control the programs under which States mav assume some of 
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an, 


the regulatory functions which had been reserved exclusively for the ( 
U.S. Government through the Atomic Energy Commission. ( 
These are, indeed, grave and important responsibilities. The ( 


gravity and responsibility, and hence the importance of this Council 
are bound to increase as time goes on. It seems accepted theory that t 
the uses of nuclear energy will grow in importance, and it must be as- t 
sumed that the duties and responsibilities of the Federal Radiation 


( 
Council will increase at least in direct proportion to growth in the t 
field. ] 
As it is presently organized, the Federal Radiation Council is com- t 
prised primarily of Government officials. The Secretaries of Health, 
K-ducation, and Welfare, Defense, Commerce, and Labor, and the t 
Chairman of the Atomic Energy Commission or their designees are l, 
currently functioning on the Council since they are designated by the 
act. In addition, also to be available to the Council for consultation t 
are the President of the National Academy of Sciences and the Chair- t 
man of the National Committee on Radiation Protection and Measure- 
ment, and others. Thus, the Council is largely restricted to Govern- u 
ment, and its function, by reason of these appointments, is primarily i) 
within Government. Indirectly, however, important nongovernmen- 


tal functions within the field of atomic energy are affected. 
If the postulate that “no man knows a job better than the man who 
is doing it” is acceptable, it is the opinion of organized labor that the | y 


appointment of a representative of labor, and possibly one from in- th 
dustry, to this Council will serve a very useful function by bringing of 
to the Council, firsthand, the problems inherent in jobs which are sub- - 
ject to radiation; and the wishes and apprehensions of the people who ‘a 
are functioning in these positions. It will bring, as well, a pragmatic co 
approach to the needed solutions of these problems. It is our feeling 
that this point was considered by the Congress when it wrote into the \ 
law, after specifying by title the Government officials to be appointed: th 
“and such other members as shall be appointed by the President.” ‘ 
This phrase, it seems to us, was the means the Congress had of tak- | * 
ing into cognizance the fact that there may very well be other, pos- , 
sibly nongovernmental, persons and organizations to whom the sub- 
ject. of radiation is important. fe 
That there are organizations and persons other than Government va 
agencies who attach to the problem of radiation a considerable amount i 
of importance is evident; and Congress, in its wisdom, thus provided th 
the means for those persons to be appointed to the Council. Butas |g, 
yet, there have been no such appointments made, and the Council | C 
remains largely governmental. This despite the fact that Chairman ia 
Anderson of this committee pointed out (Congressional Record, Sept. o 
11, 1959) that he believed it to be of great importance that some quali- | 5, 
field representatives of the lay public actively participate on the Coun- | 4), 
cil, and that the bill (then S. 2568) permitted the President to add por 
to the Council such persons as he may deem important. Thus, both the | *- 
legislative history as well as the language of the amendment of the in 
act itself have set up a mechanism by which appointment to the Coun- |, 
cil of representatives of the lay public may be made. fn 


Possibly the original intent of this Council was that it be constituted of 
a technical committee. The fact is that the appointments made thus | 4); 
far appear to constitute the committee as a policy-advisory committee 
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as opposed to a technical committee. It seems to us that a committee 
dedicated to the development of policies and the flow of information 
concerning radiation may best be served by the addition to the Council 
of members other than Government. 

Acting for not only my own international union in this matter, but 
the staff committee on atomic energy, AFL-CIO, and the metal 
trades department, AFL-CIO, I have been in contact on a number 
of occasions with various offices of the Department of Labor. Since 
the Secretary of Labor is designated to this Council, we felt that the 
Department of Labor was our primary point of ¢ ontact with reference 
to the Council. However sympathetic the Department might be to 
our cause in this matter, the fact remains that probably the best. solu- 
tion lies in revising the act to specifically provide that members of 
labor and industry be appointed to this Council. 

Parenthetically, I might add that this Council would then be essen- 
tially the statutory committee on atomic energy, the need for which 
the AFL-CIO has testified repeatedly. 

The metal trades department of the AFL-CIO has unanimously 
urged appropriate action so as to make certain that both labor and 
industry be accorded the right to direct representation on the Federal 
Radiation Council. 

The full text of this statement is attached hereto, and is as follows: 

The metal trades department, AFL-CIO, and its 20 affiliated international 
unions unanimously urge that appropriate action be taken so as to make certain 
that both labor and management be accorded the right to direct representation 
of the Federal Radiation Council as established by Public Law 86-373 amending 
the Atomic Energy Act of 1954, as amended. The principle of direct labor and 
management representation on such Council is in full accord with the position 
enunciated repeatedly by the conventions of the metal trades department and 
conventions of the AFL-CIO. 

Therefore, I respectfully submit for consideration by the Joint 
Committee on Atomic Energy the proposition that the function of 
the Federal Radiation Council might be improved by the addition of 
a representative of labor and a representative of industry, and that 
section 274 of the Atomic Energy Act be thus revised. 

This is the end of my statement, Mr. Chairman. 

Chairman Anperson. I think I should say to you that it was our 
feeling at the time when this matter was before the Congress that the 
naming of people other than the ones who were on originally, might 
have resulted in rejection of the legislation. I wanted to get some- 
thing passed. I have the same feeling that you do. I would like to 
see other representations added. Permission was given for the 
Council. But we have a little trouble with this ourselves because we 
asked very politely for a report from it, and were equally politely told 
we would not get it. So it leaves a little something to be desired as it 
now stands. We do intend to consider it further and explore it fur- 
ther, and maybe we can get some help in the right direction. Thank 
you. 

Mr. Bremitier. Senator, you are aware of the fact that the labor 
movement is very persistent In pushing demands and this is something 
we have been discussing with this committee for a decade now. Iam 
hopeful, as you say, that we can make some progress in the direction 
of getting direct representation of both management and labor on 
this policy making group. 
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Chairman Anperson. I assure you that the missionary work does 
not have to be done with this committee or all the members of this 
committee, but we will try to do a little missionary work along with 
you. 

Mr. Bremiiter. Thank you. 

Chairman Anperson. Thank you both for being here. 

Mr. Goodman, did I understand you would be kind enough to wait 
a little bit, and let Dr. Rose testify ? 

Mr. Goopman. I would be very happy to accede to Congressman 
Van Zandt’s request. 

Chairman Anperson. Thank you. Mr. Rose, 


STATEMENT OF HAROLD J. ROSE, VICE PRESIDENT AND CON- 
SULTANT, BITUMINOUS COAL RESEARCH, INC. 


Dr. Rosr. My name is Harold J. Rose, and my residence is Pitts- 
burgh. I am vice president and consultant of Bituminous Coal Re- 
search, Inc., which is the national research association for bituminous 
coal. This is a nonprofit research organization which is supported 
by a large number of coal producers and sales agencies, coal-carrying 
railroads, equipment manufacturers and large coal users. 

My experience includes 42 years of research and development work 
on coal and coal products. I appear before this committee as a rep- 
resentative of Bituminous Coal Research, Inc., to speak on potential 
applications of radioisotopes in the coal industry. 

My statement is prepared in the form of a summary which will take 
about 15 or 16 minutes. If you like I will present it, but I can shorten 
it if you wish. 

Chairman Anprrson. Please proceed. 

Dr. Rosr. General aspects of the coal industry: To give perspec- 
tive on the potential scale of radioisotope uses by the coal industry, & 
few general aspects will be mentioned. 

Coal is one of the world’s leading commodities, whether measured 
by tonnage produced, dollar value, or industrial importance. Coal 
provides two-thirds of this country’s electric power generated from 
fuels, and 100 percent of the coke used to make iron and steel. Coal 
is an important source of process heat, of comfort heat and of chem- 
ical products. Coal forms the world’s largest reserve of concen- 
trated organic raw materials, with proven reserves measured in 
trillions of tons. 

In the United States, coal is produced commercially in 26 States. 
Production in the year just ended was 410 million tons of bituminous 
coal and lignite, plus 20 million tons of anthracite. The whole was 

valued at. more than $2 billion at the mines. Recently, Secretary of 
Interior Seaton forecast that in 15 years time 775 mill ion tons of coal 
would be needed yearly, or nearly twice the present rate of production. 

This agrees with forecasts by others, so that bituminous coal is looked 
upon as an industry which should expand considerably in the reason- 
ably near future. 

The largest single increase of coal, incidentally, is to be expected 
in connection with the electric utilities. 
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In this era of continuing inflation, bituminous coal has been remark- 
ably stable in price. Although coal miners have received several wage 
increases and the supplies used by coal miners have increased consid- 
erably in cost during the past decade, the average price of bituminous 
coal in the United States last year was actually less than it was 12 
years ago in 1948. This remarkable record has been made possible 
by large-scale mechanization and automation. 

I mention the foregoing to show that the coal industry will con- 
tinue to make large investments in new facilities, and that it is recep- 
tive to new techniques and equipment as they become available. 

Radioisotopes are already in successful use by a few coal producers 
and coal users for various purposes, but some of these applications 
have had little or no description to date in the technical literature. 
Many other uses appear to be feasible if the necessary basic research 
and engineering research are done to establish the technical possibili- 
ties. This will encourage the design and use by industry of com- 
mercial equipment utilizing radioisotopes. 


AEC SURVEY OF RADIOISOTOPES FOR THE COAL INDUSTRY 


In accordance with the policy of the Atomic Energy Commission to 
encourage the use of radioisotopes in the public interest, the Office of 
Isotopes ; Dev elopment has contracted with Bituminous C oal Rese: arch, 
Inc., to prepare a survey report on— 

* * * the nature and estimated extent of possible applications of radioisotopes 
and related technology to the mining, transport, and storage of coal by the coal 
industry, and to storage, in-plant handling, and use of coal by major consumer 
groups * * *, 

This project consists of a survey only, and does not include labo- 
ratory research, engineering development, or field tests. Following 
are some of the uses which appear to be possible, provided the neces- 
sary research is done. 

UNDERGROUND MINING 


Great advances in coal mining performance are being made through 
mechanization, including continuous mining machines which cut and 
load coal directly from the seam. The resulting high production 
rates cause major problems of automatic operation, continuous trans- 
portation away from the face, safety, ventilation, dust control, etc., 
which radioisotopes can help to solve. 


KEEPING CONTINUOUS MINERS IN COALBED 


The alloy cutters on continuous miners are quickly damaged if they 
cut into hard roof or floor strata, furthermore resulting impurities 
are not wanted in coal. A radioisotope sensing device might be de- 
veloped to keep the cutting head in coal close to the roof or floor rock 
but without cutting into it. The gage might operate by sensing 
density changes by gamma radiation “scatter”, since the associated 
shales, sandstones, ete., have nearly twice the density of coal. Or the 
device might be of the reflection type to sense the change in chemical 
or physical properties where the coalbed meets roof or floor strata. 
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MACHINE MAINTENANCE 


Modern coal mining is based on expensive machines operating at 
very heavy loads under severe conditions. Machine maintenance is 
therefor ea major problem; in fact, a study of the costs of mechanized 
mining will usually show that the best way to get a substantial reduc- 
tion of present costs would be to get a higher percentage of operating 
time out of the equipment used. Radioisotopes have many potential 
applications in preventive and repair maintenance, the selection of 
best lubricants, ete. 


LOAD-BEARING CAPACITY OF MINE FLOORS 


The floor strata of underground coal mines have to bear the weight 
of hundreds of feet of overburden concentrated on the remaining 
coal pillars and props. The floor also has to carry very heavy moving 
equipment. The load-bearing capacity of mine floors containing 
troublesome clay minerals will v ary with the moisture content, and 
can be checked with radioisotope moisture and density gages. Such 
gages are already in use by civil engineers in connection w ith air port 
foundations and’so forth. 
VENTILATION 


Many coal mines liberate large volumes of methane gas which can 
form explosive mixtures with air over a considerable percentage range. 
Therefore large volumes of ventilating air must be distributed to 
every working place to dilute the methane to 1 percent or less. Radio- 
isotope tracers are being considered for shelhyine mine ventilation 
problems. 

DUST CONTROL 


There are limitations on the coal dust content of air breathed by 
miners. Also coal dust can form explosive mixtures with air. Radio- 
isotopes should be considered for the study of coal dust problems, and 
to facilitate dust collection. 


SIGNAL LIGHTS 


Radioisotope energized lights which emit colored light continuously 
for many years without external power source have possibilities in 
mines as direction indicators, markers, safety exit signs, etc., which 
would function independent of the mine lighting circuit. If red 

‘adioisotope lights of sufficient intensity can be developed, they could 
find use as warning lights on moving and stationary equipment. 


WATER PROBLEMS 


The water seeping or flowing into coal mines must be collected 
and removed, sometimes at considerable expense. To mine a ton 
of Pennsylvania anthracite, an average of more than 30 tons of water 
must be pumped out with a high vertical lift. Radioisotopes can be 
used to trace the source of water entering mines, leading to the con- 
trol of inflow in some cases. 
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I have not mentioned specifically strip mining of coal. Certain 
of these uses will apply there, and some additional ones. Time does 
not permit development of that important phase. 

Representative Van Zanpr. Will you take a minute to develop 
this strip mining activity and the application of the isotope? 

Dr. Rosr. Yes. About a fourth of all of the bituminous coal mined 
in the United States is from open pit mines in which huge shovels 
take off the overburden to open up the coal which is then taken out 
usually with a smaller shovel. Certain of the problems are similar. 
For example, a solid foundation is important and haulage roads for 
the huge trucks that haul the coal. So the use of radioisotopes to 
measure the density and load capacity of the floor and haulage ways 
could be important. 

There are other possibilities which I have not touched on here with 
regard to estimating coal quality at the face by an instrument which 
is brought up to the coal seam and reads off certain characteristics, 
which could be applied to strip mining as well as to underground 
mining. 

In the fills—after coal is strip mined, it is customary to restore 
it to agricultural use—in the making of the fill and compacting of it 
so it will not erode, the density gages would be useful. Once the 
coal is mined, it does not matter whether it is strip coal or under- 
ground mined coal. All of the following things I mention will apply 
equally to the two methods of mining. 

I might say also that in the anthracite miming which is so impor- 
tant in I ennsylvania, similar conditions apply. 

The next subject that I will discuss is coal preparation. 

Two-thirds of the coal mined in this country, or about 300 million 
tons annually, is mechanically cleaned. Continuous close control of 
washery conditions and of quality of product are important. At coal 
preparation plants, huge tonnages of coal are crushed, screened into 
sizes, cleaned, dried, and shipped with or without blending. There 
are many possible applications of radioisotope techniques for con- 
tinuous testing, automatic control, maintenance and research. 

To date, the chief uses of radioisotopes by the coal industry through- 
out the world have been in coal preparation. I have references to 
many publications from various continents on the use of radioisotopes 
in coal preparation plants. They are already in successful use by : 


c 


few coal producers and users in the United States for various pur- 
poses, such as: 


Automatic control of the density of heavy media suspensions 
used in cleaning coal. 

Automatic control of the most efficient solids content of coal slur- 
ries being fed to filters at cleaning plants. If they are not thick 
enough the efficiency is poor. If they are too thick, the lines may 


plug up. So it is important to maintain them at the right concentra- 
tion. 


. Determining the cubic foot weight of coal at various depths and 
setiane in large storage piles, when making stockpile inventories. 
Electric utility plants may have 2 or 3 months’ supply of coal on hand 


representing tremendous tonnages and heavy investments. They have 
to periodically take inventories. 
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To warn of stoppage of flow of damp coal fines from overhead 
bins to boilers of a large powerplant. 

As a tracer in the hydraulic transportation of coal in pipelines. 

. Also, research investigators have made various uses of radioiso- 
Nick as tracers for studying the chemical and physical behavior of 
coal and coal products in various processes. Information has been ob- 
tained on important process reactions which could not have been ob- 
tained in any other way. 

Such uses can be expected to increase as their advantages become 
better known and appreciated. As other companies learn of this, they 
will go to nuclear equipment manufacturers and buy the equipment. 
We don’t have to be too much concerned about that. However, there 
are many other possible applications where research is needed to es- 
tablish the possibilities such as: 

Controlling the operation of coal cleaning jigs, thickeners, etc., by 

radiation measurement of bed densities at different levels. 

Determining the particle size and settling rates of minus 200 mesh 
coal slurries. That is an important factor both from the standpoint of 
recovering fines that are now lost, and also keeping them out of the 
streams in the interest of clean streams. 

Using “tagged” flotation reagents, flocculents, dustproofing and 
freezeproofing compounds (which are applied to coal in very small 
amounts) to determine their selectivity, coverage, effectiveness, and 
ultimate fate. 

Continuously weighing and/or analyzing moving coal streams on 
belts, ete. 

Studying coal crushing and screening procedures. 


TRANSPORTATION AND HANDLING 


More than 400 million tons of coal are produced annually and each 


ton is usually handled several or many times before ultimate use. 
Thus there are many opportunities for the use of radioisotopes to 
improve coal transportation and handling. For example: 

1. Checking the condition of belt carcasses. 

2. Automatic loading of cars. 

3. Continuous weighing of coal in motion. For example, one lead- 
ing railroad has been working with a nuclear engineering laboratory 
and they believe they are going to be able to weigh loaded coal cars 


continuously in a train moving 30 miles an hour, 1 in which every car | 


will be weighed and totaled and printed up as the train moves by, by | 
we We radiation. 
4, Applications in the pipeline transportation of coal. 
5. Measuring the amount of coal in bins. 


SAMPLING, TESTING AND ANALYSIS 


Coal is a natural product that occurs in a wide range of ranks, | 
impurities, and types. Coal is produced commercially from some 
8,000 mines, and the analysis of coals shipped from a single mine may 

vary somewhat with screen size and degree of preparation. There- 
fore, many large coal producers and users regularly sample and test 
coal shipments. 
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For several reasons, reliable coal sampling may be rather difficult 
and expensive, also there are delays in obtaining laboratory test re- 
sults. Rapid continuous methods for testing coals are neede d, which 
can be applied to the whole coal stream or to an aliquot portion, in 
order to obtain immediate test results by the use of radioisotopes. 
They also have important potentials for saving time and cutting 
costs in coal laboratory procedures. 


COAL USES 


About 80 percent of the coal used in this country is burned direct 
in many types of equipment, for power generation, process heat and 
comfort heating. Most of the remainder is carbonized in coke ovens 
and the products used for metallurgical and chemical purposes. 
Coal utilization processes provide opportunities for many of the 
above mentioned and additional uses for radioisotope techniques, but 
time does not permit itemizing such uses here. Many of these, such 
as handling and analysis apply equally to users but they have some 
special inplant problems where radioisotopes can be used in a unique 
way. 

Next is irradiation of coal. 

Limited studies made during the past several years have shown 
that coal is quite resistant to neutron and gamma ray bombardment, 
but small effects have been found. However, research should be done 
on the possible effects of radiation while coal is being processed, for 
example, during carbonization and gasification. 

Right at the instant that coal is undergoing change from a solid 
to a gaseous or liquid product, it is presumably more vulnerable to 
radiation than would be the solid coal at room temperature. So 
that situation should be looked into. 

Representative Van Zanpr. Doctor, what effect does the radiation 
have on the gasification? Does it increase the B.t.u.’s? 

Dr. Rose. Not much is known, Mr. Van Zandt. A little prelimi- 
nary work has been done but it has been on a very small scale. It 
has a little effect on the amount of hydrogen liberated. The point is 
that this is one of the many cases where we know very little about it. 
It is one of the things that we should get information on. 

Representative Van Zanvr. Are you familiar with the program 
being carried on by the Denver Rio Grande Western Railroad ? 

Dr. Rosr. I have seen several of their news releases. A couple of 
months ago I wrote to them for more information. As yet I have 
not received a reply. I have seen an article which they published. 

Representative Van Zanpr. They are active in this particular field, 
are they not? 

Dr. Rosr. Yes. They have reported some work in which the irradi- 
ation of coal resulted in breaking the coal down to micron size which 
could be disseminated in diesel oil. They have proposed that. Al- 
though I have been in touch with them lately explaining that I would 
be glad to make some mention of this in the report for the AEC, I 
have not received a reply to that letter as yet. 


Now a few comments on other coal research and development 
uses, 
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Present and potential uses for radioisotopes in coal research, for 
example tracer techniques, are too numerous to list here. They have 
already provided important information on the nature of coal pro- 
cessing reactions, that was obtainable in no other way. 

Possibilities include b: asic research on the principles and reactions 
involved, the best engineering design of equipment, and the evalua- 
tion of performance, “for most every phase of coal mining, prepara- 
tion, handling, use, and the control of air and stream pollution. 


ESTIMATING COAL RESERVES 


Data on American coal reserves are still far from complete. We 
know our reserves are tremendous but we have no measurement of a 
lot of the coal. Coal-bearing formations cover about one-seventh of 
the area of the United States, and multiple coal beds are typical. 
For ene the West Virginia Geological Survey has mere a 
sequence of 62 minable coal “beds plus 55 unimportant coal beds, 

117 in all in had State. Since any coal bed may vary locally in 
thickness and quality, borehole logging is of great importance for 
assessing coal reserves. You won't find all those coal beds at any one 
point, but you may, through a single boring, pass through a number. 

Core drilling provides detailed information but is too expensive for 
generalized use. However, tens of thousands of boreholes are being 
or will be drilled through coal-bearing formations for other purposes, 
such as petroleum, natural gas, salt and other minerals, deep water 
wells, etc. Radioisotope logging could provide at little additional 
cost valuable information on the depth, thickness and approximate 
quality of the coal beds penetrated. 

You might be surprised to learn that in counties in Pennsylvania 
where coal has been mined continuously commercially for a hundred 
years, we know little or nothing about the tonnage or quality of that 
coal that is below that coal now being mined. There are tremendous 
amounts of coal not included in our official reserves. 

Representative Van Zanpr. Doctor, from time to time we hear the 
statement being made that we have a sufficient amount of coal in this 
country to meet our needs for the next thousand years. 

Dr. Ross. Yes. 

Representative Van Zanpr. Have you any accurate figures ? 

Dr. Rosr. I have made such calculation myself using the official 
estimate of the U.S. Geological Survey and dividing them by the aver- 
age annual rate of coal consumption for the pent 5 or 10 years. When 
you do that, you get a figure of from 1,000 to 2,000 years. Predictions 
in the future depend on how much demand will be made on coal in 
succeeding years. Our energy demand will continue to increase. 
However, I am confident as a coal man that we have large reserves 
that are not yet measured or inferred. When we get the facts, we 
will find that we have considerably more coal than is now in the offi- 
cial estimates. The same thing has been found abroad. In England 
they have been making estimates of their coal reserves for over a cen- 
tury. They keep finding more coal as they go deeper. America has 
more coal than the present official estimates, I am confident. The ap- 
proach I mentioned will help correct that situation. 
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Representative Van Zanpr. What you are saying is that through 
the employment of the radioisotope we could make a more accurate 
check as to the amount of coal reserves we have in this country. 

Dr. Rosr. Yes. Suppose somebody drills a 5,000-foot hole for 
natural gas or oil and that is all they are interested in, but by lower- 
ing a eee probe at a cost of several cents a foot you can scan 
the whole area, and you can unquestionably—I don’t know that it has 
been done, "but there is no technical reason why you cannot do it—you 
could locate the coal beds, measure their thickness within a few inches, 
and presumably measure their quality, that is, their ash content, ap- 
proximately, when we know a little bit more about such techniques 
for coal, 

ESTIMATED COAL RESERVES 


Coal beds could be located and measured in boreholes by probes 
which measure (@) density by gamma radiation scatter, or (6) total 
hydrogen by slowing down fast neutrons, or perhaps (¢) oxygen by 
neutron bombardment activation. In each case there would be a 
large difference in the readings obtained from coal beds and from 
other strata encountered in boreholes. Besides measuring the loca- 
tion and thickness of coal beds, quality could be evaluated to some 
extent. The point I want to emphasize is that we have so little in- 
formation as yet on the response of coal from different deposits and 
beds to radiations, that a considerable amount of basic research has 
to be done so that any given equipment manufacturer or borehole 
logger could make these readings and know what they meant. We 
have to have factual information on which to base their practical use. 


COMMUNIST COAL RESERVES AND RESEARCH 


The next couple of paragraphs refer to something that concerns 
me very much as a citizen, and that is the fact that Soviet Russia now 
has become the world’s largest producer of coal, with the United 
States in second place. Red China is in third place and gaining 
rapidly. Some people believe that it will surpass the U nited States 
in several years in coal production. Based on recent intensive geolog- 
ical explorations, each of these Communist countries now claims coal 
reserves which far exceed the present official estimates of U.S. coal 
reserves. Red China claims coal reserves five times the official esti- 
mates of the United States. I don’t know how reliable the estimates 
are, but they are very large. That is one reason for a more realistic 
study of U.S. coal reserves, since coal is basic to the Nation’s pros- 
perity and secur ity. 

From the best available information it appears that the Communist 
countries now have more persons engaged in coal research than the 
rest of the world combined. Published scientific and technical articles 
show that they are making very extensive use of radioisotopes, geo- 
physical and electronic devices, and so forth, in their drive to surpass 
the Western World. 

In conclusion, radioisotopes are already in limited but successful 
use for several purposes in the coal industry. Such applications can 

expected to increase as the advantages become better known. 
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However, most of the numerous possibilities for radioisotopes 
which I have mentioned are still only ideas or suggestions. Much 
basic research and engineering research will be required to definitely 
establish the technical possibilities. This is due to the fact that coal 
is a natural product which varies greatly in rank, type, and purity in 
various deposits. 

Not only is there a wide variation in the composition of the organic 
content of various coals, but there is an even greater variation in the 
amount and nature of the mineral impurities which are present. 
Some of the minor and trace impurities have a large effect in nuclear 
reactions. 

Therefore, systematic research will be required on the response of 
various coals to different kinds and intensities of nuclear radiation, in 
order to develop the basic facts of radiation as applied to coal. If 
such results are to be obtained within a reasonable time, it appears that 
most of such research must be sponsored by the Federal Government. 

Once the basic facts are available, the manufacturers of nuclear and 
standard equipment should be expected to design and market radio- 
isotope equipment which offers definite advantages to coal producers 
and users. 

It is believed that the survey report now in preparation for AEC, 
when completed and released, will stimulate much interest in the sub- 
ject. If this is promptly followed by laboratory research to explore 
the technical feasibility of the many possibilities cited, this should 
greatly reduce the time lag for widespread coal industry acceptance 
of suitable radioisotope techniques. 

I thank you. 

Representative Van Zanpt. Doctor, who is preparing this survey 
report ? 

Ir. Rose. Bituminous Coal Research, and I am the principal in- 
vestigator on the project. 

Representative Van Zanpr. Have you a target date for its 
presentation ¢ 

Dr. Rose. Yes, we are expected to deliver what is called a draft 
copy to the Atomic Energy Commission the end of March. They will 
review it and then make such suggestions as they may have and return 
it to us, and then we will have a couple of months to provide the neces- 
sary hundreds of copies. 

Representative Van Zanpt. Doctor, on page 8, you say in the second 
paragraph that it appears that most of such research must be spon- 
sored by the Federal Government. Would you say that the Bureau of 
Mines as it is established today is adequate to carry on this program, or 
must it be augmented by the type of organization provided for in a bill 
already passed the House and now pending before a committee of the 
Senate? 

Dr. Ross. I have a very high regard for the U.S. Bureau of Mines 
and their personnel and accomplishments. I know of that in detail. 
Certainly they could handle phases of that. I think in order to handle 
this on the scale that is warranted by the facts that this could well be 
an important part of the program under the new coal research bill. 

Representative Van Zanpr. In other words, the bill will simply 
agument the Bureau of Mines program ? 

Dr. Ross. Yes. 
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Representative Van Zanpr. By moving into a greater area of re- 
search for the coal industry. 

Dr. Rosr. Yes. One of the unique features of the bill is that for 
the first time it would enable the Secretary of the Interior to contract 
for work by outside organizations. Until now I believe the Bureau 
had to spend the funds in its own facilities. That to my mind is one 
of the interesting features of the new bill. 

Representative Van Zanpr. Doctor, would you take a minute and 
furnish the committee with some facts as to the increased efliciency 
developed in the utilization of coal ? 

Dr. Rose. That has been striking, of course, since the beginning of 
the century, when it took about 12 pounds of coal to make a kilowatt- 
hour and after a few years it got down to 5, and then it stuck 
around a level of 139 pounds for quite a few years; that is, 
around the war years. I see the monthly figures from the 
Federal Power Commission. At present it is about 0.88 of a pound. 
That means it takes a third less coal than it took a few years ago to 

make a kilowatt-hour. At the same time the builders of large power- 
plant equipment have improved the mechanical efficiency and the 
economy of their equipment. They are able to operate at higher 
ratings with the result that the electric utility people have been ‘able 
to hold the cost of electricity down toa fairly constant level. 

The coal industry by keeping the cost of coal down as I mentioned 
earlier has also made that possible. So in the United States as an 
average for all plants, old and new, it requires only 0.88 of a pound 
of average coal to make a kilowatt-hour. That is going to go down 
somewhat as the older plants go out of operation and the percentage 
of new equipment is increased. 

Also there are a few technical possibilities whereby a few percent 
of efficiency can be picked up. I can assure you that the electric 
utility mami is not leaving any of those unconsidered. They are 
very active and very alert in investigating every possible way to 
produce e electricity at the lowest possible. cost. 

Representative Van Zanpr. In the production of coke, what has 
been your experience in the application of radiation ? 

Dr. Rosse. I don’t think very much is known about the research 
possibilities. That is one of the things where we need to have more 
information. <A little work has been going on at Pennsylvania State 
University in the way of academic researc h, trying to apply radiation 
at the instant the coal particles are undergoing transformation. Much 
work remains to be done. A year and a half ago the Atomic Energy 
Commission requested the U.S. Bureau of Mines to make some pro- 
posals for the effect of irradiation on coal during processing. The 
Bureau of Mines did work up several projects which have been ac- 
knowledged. I don’t think any action has been taken on them yet. 
The Bureau has made some definite proposals on systematically in- 
vestigating the effect of irradiation on coal during g asification, ‘dur- 
ing c: wrbonizati ion, and during various other phases of processing. It 
is ‘impossible to predict their commercial importance, but it is cer- 
tainly one of the things we need to know. 

Representative Van ZANpT. Thank you. 

Chairman Anperson. Thank you very much, Doctor. 

Mr. Goodman. 
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STATEMENT OF LEO GOODMAN, ATOMIC ENERGY ADVISER, UAW, 
SECRETARY, ATOMIC ENERGY TECHNICAL COMMITTEE, INDUS- 
TRIAL UNION DEPARTMENT, AFL-CIO 


Mr. Goopman. Thank you very much, Senator. I hope we have 
not seen another illustration of the coal industry filibustering prog- 
ress in atomic energy. 

Chairman Anperson. We are glad to find how useful the atomic en- 
ergy is to the coal industry. 

Mr. Goopman. Yes, I think it would be helpful to those Members of 
Congress who come from coal-producing areas if the committee could 
eather and put into the public records the facts regarding the amount 
of coal that is in the diffusion process in this country. I think it would 
be helpful to show that the increase of the atomic energy industry 
has been one of the largest single consumers of coal, and that. those 
in the coal industry who fear progress in atomic energy will come to 
realize that they are mistaken. 

gana ative Van Zanpr. Mr. Chairman, representing as I do a 
coal area, might I say to Mr. Goodman that we do not object to re- 
search wet development in the field of atomic power. We have sup- 
ported it and will continue to suport it, but when Government-financed 
atomic power gets in competition with free enterprise, then we object. 
This is the position of the United Mine Workers, the position of the 
National Coal Association, and it is the position of us who live in 
the coalfields. 

Mr. GoopMan. When workers in industry have sought to hamper 
progress and technological change, they have been accused in the past 
of using those wooden sabots—where comes the term “saboteur”—in 
terms of the progress of industrial advance and technological change. 
I think it is unfortunate if some in the coal industry feel that devel- 
opment of atomic energy interferes with their economic well-being, 
and therefore they are throwi ing not wooden sabots, but verbal sabots 
into the wheels of progress of atomic energy. 

I am very glad that we open with this subject, because I address 
myself directly to the reasons we must have a broader as 

‘Representative Van Zanpr. Mr. Chairman, may I say this to Mr. 
Goodman: I appreciate very much your yielding to Dr. Rose so I could 
be here while he was testifying due to having to attend another meet- 
ing already underway. Your testimony will ‘be read by me tonight. 

Mr. GoopMan. I would appreciate an enetieinslte to discuss it with 
you after you have had a chance to read it. 

Representative Van Zanpr. The door to my office is always open 
to you. 

Mr. Goopman. Thank you. 

Mr. Chairman, I appreciate the invitation to appear here today. I 
am Leo Goodman, atomic energy adviser of the United Automobile 
Workers and secretary of the atomic energy technical committee 
of the AFL-CIO. 

In the relaxed atmosphere of upstate New York, a group of leaders 
representing all segments of American society interested in the de- 
velopment of atomic energy met through the beneficence of Averell 
Harriman, under the auspices of an organization, the American As- 
sembly, founded at Columbia U niversity under President Eisen- 
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hower’s sponsorship. I might say, Mr. Chairman, that I use this 
opening sentence to reveal that my approach that we will be discuss- 
ing here is totally bipartisan. 

This group shared their thinking on U.S. policy in atomic energy 
development and hammered out a final report. The opening sentences 
of that final report, in our opinion, prevail today as they did on Octo- 
ber 20, 1957, when the report was completed. They said, and I quote: 

The United States has attained a worldwide reputation for preeminence in 
science and technology. Whether we like it or not, the maintenance of the U.S. 
position in the image already fashioned is a factor in the present world struggle. 
In such a situation, the position of the United States is inescapably competitive. 

The U.S. policy in atomic power development must, for this and other reasons, 
be appraised not only in domestic but also in international terms. 

Judged in these considerations, we believe that the present pro- 
gram is failing to meet the needs of the United States in the world 
struggle. Even worse, the atoms for peace program so widely pro- 
moted seems to be on the verge of collapse. Forces resulting from in- 
consistent policies by the United States threaten the very existence 
of the International Agency for Atomic Energy. Likewise, the need 
for working with our friends and allies in the Western World, partic- 
warly in Europe, is being thwarted by industrial consideration while 
political policy is being ignored. 

The late Gordon Dean, former Chairman of the Commission, said, 
in June 1955: 

People everywhere want cheap power. The atom gives great promise of sup- 
plying it. And the United States has many times in the past 2 years promised 
assistance in this field but we are not delivering on our promises. 

The reason we have not delivered was stated to this committee by 
Walter Reuther in his separate opinion to you of the Panel on Peace- 
ful Uses of Atomic Energy on January 25, 1956. He said: 

We shall not give leadership to other people if we refuse to exercise it in our 
own behalf. The fact is that the United States is failing to demonstrate the out- 
standing leadership in releasing atomic energy for peaceful purposes which it 
demonstrated in putting the atom to work for war. 

Since he submitted that report to you, our atomic program has 

continued the emphasis which he deplored. The best illustration of 
that is revealed in a study of budget allocations under the public por- 
tion of the Federal budget. 
_I may break in here to say the reason I am using the phrase pub- 
lic portion of the Federal budget is that I see evidences of a secret 
budget, segments of which are not known to the public, and there- 
fore which we cannot address ourselves to here. 

Nuclear weapons production and the procurement of raw material 
and the preparation of fissionable material for nuclear weapons and 
the application of nuclear science for other military uses continues 
to receive approximately 95 percent of the annual public appropria- 
tions for atomic energy. 

I do not intend to raise the collateral question here as to the value 
of the accelerated increase in the nuclear stockpile which increased 
production efficiency, lowered uranium ore costs, technological change 
and automation have introduced in the cost factors involved in weap- 
ons production. I hope this committee will agree, however, with 
the implications of the Arden House statement with which I opened, 
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and support a reconsideration of the present inadequate sums being 
allocated to peaceful uses of the nuclear sciences. 

Stated another way, I hope this committee will continue to strive 
as it is has in the past, that the nuclear sciences which today con- 
sume over 9 percent of all the electrical power produced in the 
United States will, instead, contribute blocks of electric power to our 
industrial economy and by our own example here in the United 
States, set the pattern of peaceful use of this science which may 
then be copied throughout the free world and thus finally help erase 
from man’s mind the mushroom cloud with which U.S. use of this 
science is most prominently associated in many parts of the world. 

I propose specifically that the successful pressurized water reactor 
known as the package reactor, be turned from its military application 
by the production of 1,000 such units using the skills of modern pro- 
duction line technology. A drop in cost would result, I am told by 
competent engineers, to 30 percent of the fixed price paid for the Fort 
Belvoir custom-made, I should s say handmade, model; and that these 
1,000 reactors be sane through the International Atomic Energy 

Agency, to power hungry areas in the uncommitted areas of the world 
ina U.S. drive to Hah the backward areas with nuclear power. Of 
course, many will say it cannot be done, it would not be economically 
feasible, but these will be merely the modern version of those who 
said the farms in the United States could not be electrified. Between 
1935 and 1955 in the United States we increased the percentage of 
farm families served by electricity from a little over 10 percent to 
well over 90 percent, and the new forms of economic activity that were 
necessary to achieve the result are today liquid financially, success- 
ful, expanding institutions in American life. There is every reason 
to believe that a similar fate would result from an effort of the United 
States to use nuclear energy to supply the power needs in the power- 
deficient areas of the world. But even more important than the eco- 
nomic success, would be the psychological impact in behalf of the free 
world of such a venture to light the underdeveloped areas of the world. 

(Discussion off the record. ) 

Mr. Goopman. I believe we must aid the International Atomic 
Energy Agency by integrating the bilateral treaties into that Agency 
wherever possible. I believe we must also aid that Agency by provid- 
ing uranium fuel at a price differential which will make it economic 
for the International Agency to act as a means of providing uranium 
fuel to those countries which would prefer to deal through an inter- 
national agency rather than the United States. It is clear to us in 
organized labor, who merely watch the number of workers involved in 
the diffusion plants and the amount of electric current consumed, that 
there has been such an increase in efficiency and productivity that there 
is every justification for a price drop below the present price levels. 

I believe that this committee and the industry should look care- 
fully into the reasons why the Commission should reduce the price 
of uranium fuel and thereby help improve the economics of this whole 
science. Just this morning a newspaper carried the article, “Uranium 

Glut Hurts Boom Town.” I think that it probably is true that there 
is an apparent over-abundance of natural uranium but solely because 
the use of this science is being held back, in my opinion, by artifically 
high prices set at an earlier period of time before improved technology 
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and improved techniques made it possible to reduce prices. A price 
reduction is long overdue. 

Representative Ho.irrmetp. You are speaking of the natural 
uranium ¢ 

Mr. Goopwiy. Both natural and enriched. 

Representative Hotirrerp. And the fabricating of the fuel rod? 

Mr. Goopwin. Sir, you are over my head now. 

Representative Horirrerp. I felt that you were addressing your 
remarks to the cost that the reactor people have to pay for uranium 
to put in their fuel rods. 

Mr. Goopman. Yes. Inevitably a reduction in the cost of en- 
riched uranium would reduce the cost of a fuel element. 

Representative Horirrerp. I am not sure that actual cost figures 
are accurate enough to arrive at a determination of whether it is high 
or low. I rather doubt if we have accurate cost data in this field 
any more than we have it in waste disposal. 

Mr. Goopman. A recent adversary of ours in the matter relating to 
the Detroit Edison case, Mr. Jimmy Morrison, made a speech. re- 
cently to the Federal Bar Association, in which he called for putting 
the public spotlight on the whole process of determining the price. 
I think there is great merit to his proposal. 

Representative Horirrerp. I would certainly be in accord with 
your desire to determine the prices of every step in this industry. I 
agree with you on that. I would have to express a little skepticism 
as to whether the price is too high or not. I do believe that when 
you get into the waste disposal business—I have some very interest- 
ing information which is going to be put into the record, I believe 
which comes from the Isotopes | Specialties Co., a division of Nuclear 
Corp. of America, which has been operating in the waste disposal 
field out in California. They have been handling waste disposal 
under contract with the Air Force for between $4.50 and $6.50 a 
barrel. It is costing them $22 a barrel to package it. They have lost 
several hundred thousand dollars, I understand, in trying to render 
a waste disposal service to industry and to the ‘Air Force and other 
Government sources 

Mr. Goopman. I saw some reference to their also having conflict 
with some local government officials. 

Representative Houtrrevp. I think that was another private waste 
disposal group in the Los Angeles area and not this particular group. 
I know the item to which you refer. The reason I brought this up 
at this time was to indicate that in my opinion industry is not being 
charged anywhere near the price or the cost of fuel reprocessing or 
waste disposal. I would be inclined to think that the cost might go 
the other way if you took every step into consideration. I still be- 
lieve that industry in place of being overc harged is being under- 
charged in these areas where the Government. is furnishing certain 
services. 

Mr. Goopman. If that is so, Congressman, I think it is doubly im- 
portant that the public spotlight be. put on to the real cost. so that the 
facts are known. 

Representative Hortrrecp. I am in complete agreement with you 
on the principle of finding out the real cost. 
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Chairman Anprerson. I am, too, Mr. Goodman. I do think we 
would have to say, however, that any attempt to fix the cost of 
uranium starts off with a certain assumption; a whole body of as- 
sumptions. You have to estimate how long a gaseous diffusion plant 
is going to live. When you have fixed the life, then you have prob- 
ably pretty well determined whether the cost can go up or down. 
If it is a very long life you get a very attractive price. I appreciate 
the suggestion you made because I do think it is something that we 
ought to look into, to find out what factors are being used in deter- 
mining present prices and to see whether those factors have become 
more favorable with the passage of years and we might get to where 
we would want to reduce prices or raise prices. 

Mr. Holifield showed me today for the first time this material on 
waste disposal, and I must say it raises a brandnew question as to 
how much you are going to have to add to that field. We appreciate 
your suggestion and we will take a serious look at it. 

Mr. Goopman. In any event, I would urge the committee to look 
favorably on the concept of giving a very substantial price differential 
to the International Atomic Ener gy Agency as a means of putting 
life into that agency. We have had the case which we referred to in 
our earlier testimony of a Japanese purchase through the interna- 
tional agency and while the United States bid a very substantial 
price, the Canadian Government gave a 100-percent discount, gave 
the uranium to the international agency as a gift, and that was a 
most encouraging development in helping the agency in its main- 
tenance of its morale and hope. But the agency is in a sad and sorry 
way. In talking to my friends, I put it this way: My wife runs a 
school for crippled children here in town whose ‘capital investment 
last year by the U.S. Congress equaled the total operating budget of 
the international Atomic E nergy Agency. I think that is a tragic 
fact. 

Representative Hoxtrrevp. I think it is fair to say that there is an 
inherent conflict in the bilateral agreements because they encroach 
upon the field in which theoretically ‘the International Atomic E nergy 
Agency is supposed to function. This casts in my mind serious doubt 
as to whether the International Agency will ever justify its existence. 

Mr. GoopMAn. One alternative would be to promote what I believe 
is policy, that those bilaterals be renegotiated under the umbrella of 
the international agency. I know there are problems in some coun- 
tries. 

Representative Hottrretp. The problem is either way, of course. 

Mr. GoopMan. While we use the great potential of our technical 
and industrial capacity to help the underdeveloped areas and the 
uncommitted peoples of the world, we must not, we cannot afford to 
neglect our friends in Western Europe. Also we should cooperate 
with Latin America in atomic development in that part of the world. 
It was in Europe that much of the development of the nuclear 
science occurred. In addition, there is a great striving for joint 
industrial activities as a basis for future political unity. The sue- 

cess or failure of a particular company’s atomic industry plans i in the 
United States should not be permitted to defeat the official U.S. policy 
decision to help foster development of a United States of Europe. 








{ 
pre 
cut 
jus 
are 
the 
bas 
une 
sul 

] 
vio 
is t 

] 
offe 
the 
as 
offe 
dir 
ant 
req 

N 
of 1 
con 
of 

I 
tax 

gua 

\ 
intc 
pro, 
tific 
feri 
mac 

K 

\ 

T 
mor 
in s 
Ato 
The 
Yes 
Ene 
won 
lishe 


he s¢ 


Ca 
ufact 
Trepor 
the | 
over 
Size ¢ 


Ne 
requ. 








ve 
r- 
ne 
re 


ok 
ial 
ng 

in 
la- 
ial 
ive 
$a 
in- 
rT'V 
Sa 
ent 

of 


wie 


an 
ach 
rgy 
ubt 
nee. 
eve 
i. of 
yun- 


ical 

the 
d to 
rate 
rid. 
lear 
oint 
suc- 
. the 
rlicy 


> 
. 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 461 


One factor in the failure of more adequate response to the Euratom 
proposals was the fact that industrial firms in the United States under- 
cut the benefit of joining the Euratom program by European utilities 
just at the time when potential offers were being considered. There 
are many ways to interfere with foreign policy, but I would hope 
that no U.S. firm anxious for trade on a “company to company 
basis with European utilities would go so far as to violate the long 
unenforced Logan Act, which I understand is still on the books and 
subject to potential enforcement. 

Representative Horirre.p. Would you mind going back to the pre- 
vious paragraph, Mr. Goodman, and the last sentence there. What 
is the meaning of that sentence? To what do you allude? 

Mr. Goopman. I allude to this, sir: I understand that the primary 
offer made to the European utility companies to participate through 
the Euratom was the guarantee of the life of the fuel elements. Just 
as the proposals were about to be filed, one of the U.S. companies 
offered the European utilities that if they would proceed to negotiate 
directly rather than through the Euratom agency, they would guar- 
antee fuel elements or the life of the fuel elements and all of the 
requirements of the Euratom treaty could be avoided. 

Now, specifically, General Electric made an offer for the first core 
of the fuel elements to the E uropean firms at the time that they were 
considering applying to the Euratom agency, and this has the impact 
of undercutting the desirability of operating through the agency. 

Representative Hortrirevp. It also had the impact of relieving the 
taxpayers of the United States from a possible liability on the lifetime 
guarantee of the fuel. 

Mr. GoopMan. Yes, sir; that is correct. But I believe that we went 
into this with our eyes open, that we were in favor of the Euratom 
program for the benefit it would bring politically as well as scien- 
tifically. I believe that what happened was an indirect way of inter- 
fering with that decision which this committee and the Congress 
mi ade. 

Representative Duruam. What proof do you have? 

Mr. GoopMAN. Sir, all the facts I stated are public. 

Those companies which desire trade in the atomic field would find a 
more profitable venture here in the United States if they would join 
in support. of the programs enunciated by the Joint Committee on 
Atomic Energy rather than looking for business primarily oversea 
There are a number of untapped markets here in the U nited Seatet. 
Yesterday, I met with the Massachusetts State Commission of Atomic 
Energy. There, in New England and the Northeastern States, is a 
wonderful potential market, which even today meets the criteria estab- 
lished the other day here by Chairman McCone, of the AEC, when 
he said on page 26 of the transcript: 


Capital costs of a 300-mwe. plant of this type, as quoted recently by the man- 
ufacturers on a fixed-price basis, when taken in conjunction with fuel guarantees 
reported to the Commission by utilities and core manufacturers, indicate that 
the power produced from such a plant initiated now should be competitive 


over its life in high-fuel-cost areas of the United States where a plant of this 
Size can be used. 


New England certainly fits the requirements there. This meets the 
requirements of section 44 in the law for preference to the high-cost 
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areas. You recall that Senator Kennedy proposed that New England 
be given this preference when your bill was before the Congress in 
1954. I hope it will be possible for this committee and Represent- 
atives in Congress from New England to jointly work out a success- 
ful organizational structure to proceed at the earliest possible date 
with a 300-mw. or larger plant to achieve the neutron economy which 
a reactor of that size can develop. As I understand it, estimates are 
that the capital costs of such a size unit will be as little as $213 per 
installed kilowatt. If we can combine with this improved neutron 
economy, the advantages of new technology and automated plants, 
we shall go a long way toward achieving soon the oft-delayed target 
date for competitive nuclear power. Similar projects to the New 
England one would be successful in the North-Central States, Flor- 
ida; smaller units are needed in our island possessions and Alaska. 

Chairman ANnperson. Just so nobody will question you on that 
$213, that is merely simple division. 

Mr. GoopMan. Yes. 

Chairman Anperson. The Westinghouse Corp. presented its plan 
to a group of utilities. I was present when the presentation was 
made and they said this will give you a little over 300,000 kilowatts 
and the price tag is $68 million as a turnkey job. So it is down in 
the neighborhood of $213 per installed kilow: att. 

Mr. GoopMan. Our experience has been that where we proceed with 
a plant of this size it always can be upgraded and the number of kilo- 
watts increased and the per capita cost per installed kilowatt actually 
would go down. 

C hairman Anperson. Our point is that instead of trying to build 
this in the Los Angeles area, which already has a vast supply of 
hydroelectric from Boulder Dam, and also has an abundant supply 
of rather cheap natural gas and a lot of oil, this might be done in the 
New England States where the costs are relativ ely high. 

Mr. Goopman. In behalf of my friends from C alifornia, I do not 
intend to imply that it should not also be done in California. I do 
believe that the provision in the law for giving preference to high-cost 
areas ought to finally come into use. 

Chairman Anperson. You don’t have to worry about these Call: 
fornia people. They will do theirs, too. They will build a plant 
there also. 

Representative Hortrrerp. I have been saying that the relative need 
as evidenced by the increasing population is so much greater in the 
Golden West than it is in the East that it has to be taken into con- 
sideration. 

Mr. GoopMan. Sir, we have something in this statement for Cali- 
fornia also. I will come to it shortly. 

Representative Hottrretp. Let us get to that as quickly as possibile 

Mr. Goopman. The Northwest needs the power potential which will 
be available from the dual-purpose reactor at Hanford. The power 
installation should be planned now. We are pleased to see progres 
for the expansion of output at the Shippingport reactor. This com 
mittee is to be commended for having helped bring that reactor, which 
is one of the best experimental reactors we have in this country, inte 
being. We hope that the new power will be used to produce electricity 
rather than the rumored waste of a “heat-sink.” Tf the Duquesne sys 
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tem cannot use the power, plans should be made to wheel it to systems 
which can use it. Or have the Government take over the total plant 
and show how effective Government operation of this expanded unit 
can be. 

Representative Hotirieip. You would be in favor, if the Duquesne 
Co. does not put up the $15 million necessary for generating equip- 
ment, of the Government doing that and furnishing the elecricity to 
Duquesne at the 8 mill price the same as we are doing now ? 

Mr. Goopman. I would be in favor of the Government putting in 
the generating plant, but then I would make Duquesne bid for that 
power against any other competitors who might be interested in hav- 
ing it within wheeling distance. 

Chairman Anperson. I wanted to tell you, Mr. Goodman, if you 
had sat on this committee as long as we did and had experienced the 
struggle we had over just a few tiny kilowatts in the Niagara Hudson 
affair, you would not be looking for other worlds to conquer. 

Mr. Goopman. I am merely trying to help maintain scientific in- 
tegrity in this wonderful experimental reactor at Shippingport. I 
don’t think economic considerations of the company should downgrade 
the wonderful potential that reactor has. 

Chairman ANnprrson. You know we put the money in the bill our- 
selves and supported it and still support it and still want to see it go 
ahead. I do hope that a way will be found to utilize this and not put 
it into some waste. 

Mr. Goopman. There are some problems. I have been asked by the 
workers to come out and talk with them. I have found very low 
morale and spirit in view of the fact that there are efforts to down- 
grade the wonderful potential of that reactor. I think we ought to 
use it to its fullest. 

Representative HoniFietp. This committee put $19 million in the 
authorization bill last year, I believe, for the upgrading of the capacity 
of that reactor. Admiral Rickover has assured us that it can go 
from the original 60,000 kilowatts to 150,000 with a new core. 

Mr. GoopMan. Fresh water from atomic power. 

Chairman Anderson is to be commended for the real success out of 
his long efforts to persuade the Saline Water Division of the Depart- 
ment of the Interior and the Atomic Energy Commission to combine 
their efforts to achieve fresh water from the sea by the use of nuclear 
energy. ‘Though there are problems regarding the site chosen at San 
Diego, Calif—and I am referring here to the signed contract for the 
construction of a reactor—in only 5 short years we have come from 
the potential that this reactor might cost from $4 to $5 billion down to 
a signed contract for the nuclear portion of this program at only 
$41, million. 

Chairman Anperson. I may say that you must, however, just be 
very lenient on the scientists who originally thought that this would 

a very expensive plant. I think that I was partially responsible 
for asking the group of people to finally put a figure down. There 
had been a great deal of talk how much it would cost. That plant 
was a wholly different type of plant from this one. They thought it 
would run finally $800 million. Obviously it would have to be a 
Government project because the municipalities out there could hardly 
finance that. It was solely for the purpose of desalting water and it 
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was a very large figure. I think if those same scientists were to take th 
a look at the new processes they probably would revise very rapidly Q, 
downward that estimate of the cost of that big plant they had in mind, if 
But they did their work prior to the publication of the so-called first I 
McKinney report; and in 1955, even though it is only 5 years ago, it I 
was a very big step in the dark when they had to say how much they es 
thought it would cost to build that plant. I am glad that you like oF 
what is being done. I naturally am overjoyed that it is being done ne 
because the $800 million plan looked just impossible. There is a site a8 
selection problem that is rather pressing right now that may cause a 
little delay in this program. 
Mr. Goopman. There are many alternative sites and I think we need | 
to get on with that problem. de: 
Chairman Anperson. The problem is being worked on and I started the 
to say “handled.” I don’t want to use the word “handled” because [for 
that might imply that it is solved. It is not yet solved. Mc 
Mr. GoopMaAN. It may well be that the Navy will yet prove that the > th: 
position taken by the chairman, and Mr. Holifield here, in regard to | Ac 
the reactor at Detroit as endorsed by the unions who are very happy | es 
to advise the committee that we now have finally had enough progress [| ens 
in this case so that the very last brief in the courts was filed yesterday, I 
and I would like, for the record, to give the committee a few copies of | of 
that last brief. res) 
Chairman Anprerson. Mr. Goodman, there is a live quorum in the | the 
Senate and I have to leave. our 
Representative Hotirretp. Before you leave that saline section of | eve 
the presentation, if we can ever get to the point where we can desalt | New 
water, we will solve one of the greatest problems and a problem that [the 
is going to become greater in the next 25 to 100 years for communities | that 
who now feel they have plenty of fresh water. It would certainly | the 
help solve the tremendous problem for expanding population in ~ lem. 
areas of the world. If we can ever get to the point where these B.t.u.’s } ques 
can be produced cheap enough ina desalination plant, it would reall “Th 
be something. Lar; 
Mr. GoopmMan. I bring you glad tidings. I have made a very close T 
study of the technology and we have reached the time when water is dete 
technically available using both nuclear energy and electric power | 3 f 
and though the costs of water will never come down to the low figure Es 
that Los Angeles is now able to get the surplus water from the Colo- | &ffec 
rado River, which I understand they do get for the low price, because | PY 
it is temporary, of 25 cents an acre-foot, it will be economic. I 
The other extreme in the world that I have found is the French | be h 
Government pays $37,000 an acre-foot to supply their installations} aree 
in the Sahara Desert. But between those two extremes if one gets In 
down to the average 400 largest cities in the United States we are now} A to 
within range of fresh water from the ocean at the same cost of potable} radig 
water to the 400 largest cities in the United States. Ty 
Representative Hoxrrrerp. I will believe this when I see it, and I} toth 
hope you are right. incre 
Mr. Goopman. Thank you. radis 
Though there are problems regarding the site chosen at San Diego, “nt 
Invo 


Calif., this i issue can be resolved by the substitution of an alternate 
site, whose choice does not raise the objections which I understand 
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the U.S. Navy has raised against the selection of Point Loma, near 
San Diego, Calif. Nor should this effort be confined to a single plant. 
If we were considering this earlier in the range of an $800 million 
plant and we are now down toa $414 million, we should not leave the 
success of this program to a single project. Here again a successful 
operating unit will have worldwide interest and repercussions. The 
program of the Saline Water Division for the desalinization program 
should be expanded. 


SITE SELECTION PROBLEMS 


The objections of the Navy Department to the location of the 
desalinization plant near San Diego raise the more general problem of 
the need for further action by this committee regarding site selection 
for the location of nuclear facilities. The 1954 amendments to the 
McMahon Act changed the procedure of site selection so drastically 
that serious unsolved problems required new action by this committee. 
Action by this committee is particularly necessary in view of the 
responsibility which it assumed when the indemnity statute was 
enacted. 

Last year the Commission published in the Federal Register a notice 
of proposed rulemaking, dated May 23, 1959. This proposal was in 
response to requests and discussions before this committee regarding 
the need for criteria of site selection. The proposal was weak—in 
our opinion, too weak. But industry organized an allout attack wpon 
even this weak proposal. Now the AEC has come before you with a 
new proposal. The AEC’s proposal was so thoroughly analyzed by 
the members of this committee that I will make no effort to repeat 
that analysis. I would, however, like to point out to the committee 
the basic fallacy in the Commission’s approach to this whole prob- 
lem. You will recall that in response to the Joint Committee's re- 
quest the Commission filed a report dated March 22, 1957, entitled 
“Theoretical Possibilities and Consequences of Major Accidents in 
Large Nuclear Powerplants.” 

The conclusions of that report were so frightening that the authors 
determined to minimize it by a statistical guess which they phrased 
as follows: 

Estimations so expressed of the probability of reactor accidents having major 
effects on the public ranged from a chance of 1 in 100,000 to 1 in 1 billion 
per year for each large reactor. 

I suppose in the missile age we could say you would more likely 
be hit by a nose cone returning back into the atmosphere than you 
are ever to be hurt by a nuclear reactor. 

In contrast to their point of view, I am attaching an appendix 
A to my statement here tabulating a partial list of accidents involving 
radiation in the atomic energy industry. 

I would like to ask the committee to turn for a moment, if I may, 
to this appendix. It shows that since 1945 each year we have had an 
increasing number of accidents releasing substantial quantities of 
radiation. I have eliminated from this list all of those accidents in- 
volving experiments heading toward accidents, all of those accidents 
Involving single individuals and all of those accidents which are 
military in any nature. I think this list reveals that we have a real 
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serious problem. If one were to take merely one of the accidents 
here, November 1952, the NRX accident at Chalk River, Canada, I 
have included in the next page an analysis from the Canadian En- 
gineering Journal of the human radiation problems that resulted from 
that reactor accident. I won’t bother to read it but it shows the very 
serious nature of even a single large reactor accident. So I think 
the fallacy of the Commission’s approach that accidents will never 
happen weakens our efforts to avoid them. I believe our position has 
been historically proven that when you release and analyze the facts 
regarding accidents, you can help avoid their repetition. 


(App. A follows:) 


APPENDIX A.—PARTIAL LIST OF ACCIDENTS INVOLVING RADIATION IN THE ATOMIO 
ENERGY INDUSTRY 


August 1945, criticality accident, Los Alamos, N. Mex. 

May 1946, criticality accident, Los Alamos, N. Mex. 

June 1949, uranium fire, Los Alamos, N. Mex. 

July 1951, Ames Laboratory, Ames. Iowa. 

June 1952, criticality accident, Argonne National Laboratory, Lemont, Ill. 

August 1952, Ames Laboratory, Ames. Iowa. 

November 1952, NRX reactor, Chalk River, Canada. 

February 1953, Knolls Laboratory, Schenectady, N.Y. 

May 1953, Hanford, Wash. 

May 1954, critical assembly building 9213, Oak Ridge, Tenn. 

January 1955, Chemical processing plant, Idaho Falls, Idaho. 

November 1955, EBR-1, Idaho Falls, Idaho. 

November 1955, fire in reactor slug, Hanford, Wash. 

January 1956, loss of Co”™—Sam Tour, Darby, Conn. 

March 1956, carload of uranium scrap derailed and scattered, St. Joe, Idaho. 

May 1956, exposure of radiographic source, Fort Belvoir, Va. 

June 1956, plutonium exposure, Hanford, Wash. 

July 1956, truck accident and fire, Monterey, Tenn. 

July 1956, gamma exposures MTR reactor, Idaho Falls, Idaho. 

July 1956, thorium explosion, Sylvania Electric Products Co., Bayside, N.Y. 

September 1956, thorium explosion and fire. freight car, Detroit, Mich. 

October 1956, Lapre No. 1, Los Alamos, N. Mex. 

November 1956, Paducah fire, Paducah, Ky. 

March 1957, M. W. Kellogg Co., Houston, Tex., releasing of iridium 192. 

May 1957, Brookhaven Laboratory, Long Island, N.Y. 

June 1957, Western Co., Midland, Tex. 

June 1957, plutonium explosion, Rocky Flats, Colo. 

June 1957, Russian accident—“It is positively known there was a deadly nuclear 
mishap.” 

September 1957, Industrial Welding & Testing Laboratory, Houston, Tex. 

September 1957, plutonium fire, Rocky Flats, Colo. 

October 1957, Windscale accident, Windscale, England. 

February 1958, Tracerlab, Waltham, Mass. 

May 1958, Goodyear, Portsmouth, Ohio. 

June 1958, uranium fire, Attleboro, Mass. 

June 1958, Oak Ridge, Y-12 criticality accident, Oak Ridge, Tenn. 

August 1958, Isotopes Specialities, Inc., Burbank, Calif. 

November 1958, Loss of Co”-Industrial Welding & Testing Laboratory, Houston, 
Tex. 

November 1958, Release to air-New England Nuclear Corp., Boston, Mass. 

December 1958, Los Alamos criticality accident, Los Alamos, N. Mex. 

February 1959, Flask of C—14 shattered, Tracer Laboratory, Inc., Waltham, 
Mass. 

April 1959, Hanford plutonium explosion, Hanford, Wash. 

November 1959, Building 3019, Plutonium Explosion, Ornl., Oak Ridge, Tenn. 
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NOVEMBER 1952 NRX Reactor, CHALK RIVER, CANADA 


[From the Engineering Journal, October 1953, the Journal of the Engineering Institute of 
Canada] 

A skilled workman might receive his weekly allowance of radiation within 
an hour, and thus a much larger crew of workers was needed than would be 
required in the repair of any other equally complicated industrial machine. 

In a few instances a workman could remain within the radiation field for 
only a very few minutes. Careful planning was required to avoid the necessity 
of using a prohibitively large number of men. In some instances it was neces- 
sary to allow individuals to take a 13 weeks’ dosage in a matter of a day or two. 
This, of course, meant that they were barred from the radioactive area for a 
period of 13 weeks. 

Skilled tradesmen were conserved, wherever possible, by using other men for 
such operations that did not definitely require trade qualifications. * * * It is 
interesting to note that, in some operations, use was made of volunteers from 
various branches of the project who are rarely exposed to radiation. Carpenters, 
clerks, accountants, janitors, and others donned gas masks and protective cloth- 
ing, and carried out various tasks under the direction of the supervisory staff 
of Industrial Operations. * * * The U.S.A.E.C., in cooperation with the U.S. Navy, 
and particularly the U.S. Naval Radiological Defense Laboratory, were extremely 
helpful in the early months of dismantling and decontamination. This work 
provided an opportunity to train personnel in the problems of handling highly 
contaminated material and equipment. 

Mr. GoopMan. Not all accidents were included. I do not have any 
evidence that we know of many of the accidents which occur. In this 
connection I am attaching, as Appendix B, a letter from President 
Walter P. Reuther to the Federal Radiation Council discussing this 
aspect of our problem with the Atomic Energy Commission. <Acci- 
dents do occur. AEC, in our judgment, has not taken adequate steps 
to meet the radiation hazard problems which we know continue to be 
serious. 

There is still the neglected problem of radon in the mines. The 
AEC has served notice of continued violation of the uranium mills. 
We still do not know the full truth regarding the accident in Oak 
Ridge on November 20 last. I appreciate the committee's efforts to 
find out the facts in that case, but a more general procedure must be 
established. I am told in that case, the Joint Committee was advised 
only by a telephone call. 

Mr. Ramey. I think they later followed up by letter. It is common 
for them to call us up something occurring and then follow it by 
letter. 

Re »presentative Horirievp. It is to their credit that they phoned us 
immediately as soon as something happened and then followed up 
with a letter. 

Mr. GoopMan. I have a copy of the letter they sent you in the last 
few days. I have not yet had a chance to analyze it. I point out 


that this accident occurred, as Walter Reuther pointed out in appendix 
Blast November. 
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APPENDIX B 


INDUSTRIAL UNION DEPARTMENT, 
Washington, D.C., February 5, 1960. 
Hon. ARTHUR FLEMMING, 
Chairman, Federal Radiation Council, 
Secretary of Health, Education, and Welfare, Washington, D.C. 

DEAR CHAIRMAN FLEMMING: Recent newspaper disclosures of a serious radia- 
tion accident at Oak Ridge, Tenn., impel me to write to you as chairman of 
the Federal Radiation Council. 

The accident in question was originally described as a “small” explosion and 
as a result was neither reported in the press nor known to workers employed 
in similar installations in this country. Efforts to seek full information in order 
to help develop policy to prevent the repetition of this type of accident revealed 
the fact that neither the Congress nor the agencies affiliated to the Federal 
Radiation Council had been advised of the seriousness of this accident nor of 
the steps necessary to prevent its repetition. 

As long ago as February, 1957, at a trade union conference of radiation 
hazards, I urged that all segments of society—government, science, medicine and 
industry—work together to find the answers to help meet the problems which 
this new science brings to the workers in industry. 

It seems to me that we have relied too long upon the Atomic Energy Com- 
mission exclusively for information regarding mistakes or accidents in the 
plants which it administers. Your Federal Radiation Council provides an 
opportunity for an unbiased, impartial source of information upon which the 
public and the workers in the industry can rely. I strongly urge that you estab- 
lish procedures in the Federal Radiation Council to give the American people 
impartially the full facts regarding any accidental release of radiation in the 
atomic energy industry. 

Respectfully yours, 
WALTER P. REutTHER, President. 


Mr. GoopMan. The Federal Radiation Council and the AEC should 
be obligated to advise the Joint Committee in a written report of each 
major radiation accident. 

Another aspect of the safety problem is the need for uniform 
labeling and designation of radioactive materials in transit. 

In this connection, I have a copy of the handbook of Federal Regu- 
lations applying to transportation of radioactive materials. What I 


am talking about is in this document. I would leave that for the | 


Committee, if I may. 

The United States participated in a series of programs starting in 
1953 in the International Labor Office and through other affiliates of 
the United Nations in seeking an International Agreement on Uni- 
form Radiation Symbols, and regulations regarding designation of 
radioactive material. An agreement has been approved all the way 
up through the Economic and Social Council of the United Nations. 
The United States supported and voted for this agreement but the 
Atomic Energy Commission and its industrial supporters are seeking 
support for the continuance of the propeller symbol here in the United 
States in the face of a more general agreement throughout the rest 
of the world on a more significant symbol. I hope this committee 
will ask for the full facts on this aspect of international agreement in 
this matter. 

In conclusion, at a recent meeting of the atomic energy technical 
committee of the industrial union department, AFL-CIO, there 
was unanimous agreement in support of a traditional role of the Na- 
tional Laboratories. There was agreement that radiation standards 
and protection should be a continuing Federal obligation. We hope 
that section of the act passed last year will be repealed. There was 
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agreement that the AEC’s 10-year program would provide us “too 
little and too late.” 

And finally, I was instructed to urge this committee to take some 
action to meet the workmen’s compensation problem raised by this 
new science. 

Representative Horirietp. Referring back to the previous para- 
graph, what. is the conflict there? 

You say that the Atomic Energy Commission and its industrial 
supporters are seeking support for the continuance of the propeller 
symbol. What was the other symbol? A more dangerous looking 
symbol ? 

Mr. GoopMan. Yes, sir. 

Nobody knows what that means. That is the one. 

Representative Ho.trretp. This is the propeller symbol. 

Mr. Goopman. Yes. This is ILO report on what the alternative 
agreed to by the United Nations Council was. 

Representative Houirrep. This is somewhat on the order of label- 
ing a degree of radiation as a sunshine unit. 

Mr. GoopMan. Yes, very much. We have had many cases where 
packages containing radioactivity have come into the receiving room 
or shipping room of a plant with this label and workers had no 
idea what it meant and went to work and opened the package. 

Representative Hortrrerp. There have also been incidents, I might 
say, where radioartive waste material has been shipped without 
any kind of symbol on it. 

Mr. GoopMan. Yes. There was a case in Los Angeles where it was 
shipped without anybody being there to receive it. 

Representative Hortrretp. That is right. 

Mr. Ramey. Mr. Chairman, may I comment on this “too little 
and too late”? We have heard some characterize the AEC program 
with the words “Nothing new ‘till *62” 

Mr. GoopMan. At least there is alliteration there. 

Representative Hortrreip. This is a period of enforced stagnation 
that is being advocated, where we will stop, look and listen for about 
3 years and not make any new starts. 

Mr. Goopman. I have great faith in the vigorous leadership of this 
committee. 

Chairman Anprrson. That is the finest note you could end on. 

Mr. Goopman. I end right there. 

Chairman Anperson. We take all these compliments even late in 
the day. 

Thank you very much, Mr. Goodman. Thank you for that con- 
tinued interest in this program that you have demonstrated through 
the years. 

Mr. Goopman. Thank you very much. 

Chairman Anperson. Our next witness is Mr. Steldt, of Minne- 
sota Mining & Manufacturing Co. You may proceed, sir. 


STATEMENT OF FRANK A. STELDT, MINNESOTA MINING & 
MANUFACTURING CO., ST. PAUL, MINN. 


Mr. Srevpr. Mr. Chairman, I am Frank A. Steldt of St. Paul, 
Minn., appearing on behalf of Minnesota Mining & Manufacturing 
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Co. of St. Paul. I wish to make a statement for the record as follows: 

Minnesota Mining & Manufacturing Co. has for some time been 
carrying on research on a very substantial scale in a number of areas 
involving utilization of atomic energy. Two of the important areas 
in which such research is being done by 3M are the fields of high 
temperature reactor materials and the utilization of radioisotopes. 
As a result of this research, several unique developments of very 
practical importance have been made. 

Minnesota Mining & Manufacturing Co. has paid the entire cost 
of facilities and manpower utilized in this research effort. The total 
amount expended by 3M in this effort to date is over $2 million. 

Minnesota Mining & Manufacturing Co. has had a number of 
requests from the Atomic Energy Commission and its contractors 
to consider carrying out research and development in the field of 
utilization of atomic energy. These have consistently been turned 
down by 3M because of the implications of the Atomic Energy Act 
of 1954. Minnesota Mining & Manufacturing Co. has, as 1s well 
known, been extremely active in research and development work in 
a number of areas, which has resulted in many new products of great 
value. 3M’s widespread research efforts are directed to a large 
extent to projects which have as one incident the accrual of signif- 
icant technical know-how in which 3M has proprietary rights, as 
well as patents. 

The language of the Atomic Energy Act of 1954, particularly the 
part of the act relating to patents and inventions, as interpreted by 
the Atomic Energy Commission, is believed to be unnecessarily severe 
and restrictive. It is considered by the 3M Co. that important parts 
of the accumulated proprietary rights and background patents ac- 
quired by 3M at great expense in the past would be jeopardized if 
3M were to enter into a contract to carry out research for the Atomic 
Energy Commission. 

It is pointed out that the language of section 152 of the act, which 

requires that— 
Any invention or discovery useful in the production or utilization of special 
nuclear material or atomic energy, made or conceived under any contract, sub- 
contract, arrangement, or other relationship with the Commission, regardless of 
whether the contract or arrangement involved the expenditure of funds by the 
Commission shall be deemed to have been made or conceived by the Commission— 
is so broad as to make it questionable whether 3M could retain or 
protect any of its rights in this area. 

Section 31(c) of the act requires that contractors must. permit 
publication of all technical information except that which is classified. 

Mr. Ramey. I think the Commission has a waiver provision in 
that section, as I recall. 

Mr. Srevpr. That is possible. 

Mr. Ramey. The Commission by rule, I believe, has issued language 
that would exempt under 152 for example, and make subject: to bar- 
gaining, where a company has established a patent position prior to 
the time it enters into a contract and thereby to protect the patent 
rights the company has acquired. That is the normal practice that 
they have indulged in for years. 

Mr. Stevpr. Yes, sir. However, it is true that the Commission, I 
believe, requires that proprietary information and background infor- 
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mation be supplied whenever it appears that the particular subject 
matter may be of use in the reactor program because they feel they 
need to have alternate sources of supply. I think this is a very strong 
consideration. 

Mr. Ramey. I think in that connection, however, that is not a matter 
of law or the statute but a matter of bargaining on the Commission’s 
part in trying to get the best deal they can as a Government agency. 

In the Commission’s testimony last week they indicated they ex- 
pected to relax that type of bargaining endeavor to be a little fairer 
with prospective contractors. 

Mr. Srevpr. Minnesota Mining & Manufacturing Co. would cer- 
tainly welcome that relaxation. 

Repr esentative Horirrerp. This requirement that you speak of for 
trade information and trade specifications and drawings and so forth 
isalso a requirement by the Navy ? 

Mr. Srevpr. Yes. 

Representative Horireip. The Navy is particularly alert to that 
point. I have some cases where in my opinion the Navy has defrauded 
private people by insisting on this particular feature that you are 
speaking of. 

Mr. Sterpr. Yes. I will refer later in my statement to the Armed 
Services Procurement Regulations. These have now been amended 
as of October 1958 to permit that proprietary information be referred 
to in such a way that it does not enter the reports and so on. I think 
that is an improvement in that particular part of the picture. 

Representative Hoxirrevp. I did not quite get the point. 

Mr. Srevpr. In the Armed Services Procurement Regulations, 
which I think the Department of Defense has been using in contracts 
for research and development, there has recently been a change which 
permits the contractor to refer to proprietary information by code 
numbers identifying the source or other suitable arrangement so that 
the information does not enter the reports and become disseminated to 
other contractors or to the general public. 

Representative Hortrretp. I have in mind the case of an American 
concern that was making a certain article for the Defense Department. 
The Defense Department, notwithstanding this was a proprietary 
item, required him to submit his complete specifications and drawings 
for this device. They made copies of his drawings and made them 
available to at least two embassies of foreign nations on request. The 
embassies then sent these drawings overseas to their own nation’s 
manufacturing plants and that nation’s manufacturing plant, by the 
use of these drawings, was able to put in a bid on offshore procure- 
ment which outcompeted the American manufacturer. It put the 
American manufacturer out of business. 

That is what it did in this particular item. By this devious method 
of obtaining proprietary specifications and drawings, it enabled the 
foreign company to make a successful bid against the American manu- 
facturer who had developed these drawings with hisown money. This 
Was not under a national defense contract. This was a privately 
developed patent right. 

Mr. Srevpr. Yes. I am sure that everyone would believe that 
where a company has expended its own funds in developing a particu- 
lar device, certainly a simple, contract for sale to the Armed Forces 
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should not require the distribution of drawings and other technical 
information to persons who can compete with that particular 
manufacturer. rhs. 

The language of the act as interpreted by the Commission, so far as 
can be determined from published information, presently appears to 
require that any company entering into any relationship with the 
Commission must give up all rights to patents or proprietary infor- 
mation which may be obtained thereunder, except for the possibility of 
obtaining a nonexclusive license, as well as rights to background 
patents and proprietary information which are deemed necessary by 
the Commission, even though the latter resulted from privately 
financed research. 39 

The Atomic Energy Commission's licensing provisions, which limit 
the amount of special nuclear material which may be in the posession 
of a licensee to quantities suitable only for research purposes unless the 
licensee has a contract with the AEC, seriously prejudice and tend to 
retard and restrict 3M’s future research. If the contract thus required 
is interpreted as coming within section 152 of the act, 3M could not 
utilize its own technology commercially without giving up its pro- 
prietary and patent rights, which have been paid for privately and 
exclusively by 3M, to the AEC and all others, including any foreign 
country approved under chapter 11 of the act. 

Minnesota Mining & Manufacturing Co. would like to make a con- 
tribution to the national effort in the field of atomic energy, as well as 
to increase its own research in this field. However, the 3M Co. has 
reluctantly come to the conclusion that unless the Atomic Energy Act 
of 1954 in its provisions relating to patents, inventions, and proprie- 
tary information is amended by legislation at least to the extent 
required to bring its basic patent and proprietary information policies 
into alinement with the aiden now effective in research and develop- 
ment contracts entered into by the Department of Defense (Armed 
Services Procurement Regulations), 3M will find it most difficult to 
enter into any relationship or contract for research or development 
with the Atomic Energy Commission. 

3M’s policy has always been that of cooperation with the Govern- 
ment in fundamental research work wherever possible. It is noted 
that 3M presently is carrying on a large research effort for the De- 
partment of Defense under the Advanced Research Projects Agency. 
The provisions of the contract under which this work is done are 
those of the ASPR and include the grant of nonexclusive, royalty 
free rights to the U.S. Government in inventions made under the 
scope of the work. 

In addition to these regulations, proprietary background informa- 
tion is protected from disclosure to others. 

It is submitted that unless the provisions of the Atomic Energy 
Act of 1954 are made less burdensome, the United States may be de- 
prived of the benefits of privately financed research in the field of 
atomic energy. 

Chairman ANnprerson. Let me just say to you that I think you would 
possibly get a little different idea of the patent situation if you dis- 
cussed it either with an attorney for the Atomic Energy Commission, 
or with Mr. Toll, who is counsel for this committee. 
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Some of the things in this we would be inclined to argue with you 
a little bit about but that would not help since neither Mr. Holifield 
nor I are lawyers. We are not lawyers at all. But I do think this 
patent situ ition is extremely difficult. 

Mr. Svrexpr. Yes, it is. 

C hairman ANDERSON. We tried very hard to work out a rearrange- 
ment of the law and we ended up by putting in four or five words 
extending it for another 5 years because it was a very difficult problem. 
I think it would be well for you to discuss with Mr. Toll, and Mr. 
Ramey, who is also a lawyer, and with the people at the Atomic 
Energy Commission, what their practices have been, because it would 
seem that they have been reasonably fair with Westinghouse, pape 
Electric, Babeock & Wilcox, and big firms of that nature. I think 
Minnesota Mining & Manufacturing might decide to get along, too. 

Thank you for being here and we appreciate your statement. 

Representative Horirrevp. I would like to say, if I might before 
you conclude, Mr. Chairman, that these figures—I will correct them 
if lam wrong—the number of patents filed by people working under 
contracts with Atomic Energy Commission in the last 3 years has 
gone from about 200 a year to 600 a year. 

Mr. Tout. I think that is people working independently of contracts 
with the AEC indicating that there are patent applications being filed 
by persons using priv: ately funded research and development. If one 
follows that approach it is possible to get a private patent. You 
recognize that, do you not? 

Mr. Srexupr. Yes. 

Mr. Toiu. If you put up your own money you can get a patent. 

Mr. Sretpr. Yes; we understand that. 

tepresentative Hoxrrtetp. The restriction of the act, as many of us 
see it, is that where the Government puts up the money for research 
and development we only want the Minnesota Mining & Manufactur- 
ing Co. to do the same thing that you require an employee to do under 
your contract of employment; that is, to sign away your rights to 
patents that are developed under moneys of taxpayers. All we are 
asking you to do is the same thing you demand your employees do. 
Each of your employees have to sign a contract that if they think of 
anything during their term of employ ment, they jeopardize their per- 
sonal propr ietary rights to it while they are accepting a salary from 
the Minnesota Mining & Manufacturing Co. We feel it is just about 
as equitable for the Government to require you to sign away your 
rights when you are doing research and development which the Gov- 
ernment pays for. But T would strongly take the position that the 
Government should not defraud you of any patent which you have 
or background patent rights which you have and which you have 
obtained by the expenditure of your money. 

Mr. Sretpr. Yes. I am sure Minnesota Mining & Manufacturing 
Co. would agree with you that what the Gov ernment pays for it should 
receive. 

Representative Horirrerp. No; they won’t agree with me. They 
want a scoop just like the Air Force and Defense Department gives 
to every one of the manufacturers to scoop out every benefit they can 
get out of a research and development project. 


52950—60—— 
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The American taxpayer’s money has built up the patent ownership 
in the defense field to a tremendous extent because of loopholes bigger 
than that door for the companies to obtain patents as the result 
of their research and development contracts which they can use in 
their own business and charge other people royalties for. These pat- 
ents have been developed due to moneys they have received from the 
U.S. Government. 

Mr. Srevpr. Mr. Holifield, may I comment here that perhaps that 
is true in the case of companies who receive substantially all of the 
money that they get for their products from the Government or from 
commodities which are used by the Government. But in the case of 
Minnesota Mining & Manufacturing Co. the research and develop- 
ment which is done for the Government is a minor part of the research 
and development done. 

Representative Hottrretp. My remarks do not apply to the part 
where you finance your own research and development work. I am 
only referring to those companies that have obtained tremendous 
benefits as the result of doing Government work. They received their 
contracts and they have been paid a percentage of profit for the work 
which they have done; and, in addition, they have obtained windfall 
benefits through obtaining patents as the result of that work which 
has carried over into their other fields of endeavor. 

Mr. Srevpr. I must say I am not aware of the patent situation they 
find themselves in. But I would like to point out, however, that in 
those cases I think it is known that the facilities, in addition to the 
time spent, are paid for by the Government in many cases, whereas 
in the case of Minnesota Mining & Manufacturing Co., it uses the 
facilities which it already has in carrying out this research. So it is 
not a question of building up something ‘for the company necessarily 
when it does this research and development for the Government. 

Representative Hoxirieip. It may not be in your particular case, 
but I know of many companies whose activities are almost 100-percent 
Government defense contracts and who have built up areas of patent 
advantage for their other operations. 

Mr. Srevpr. Could I introduce Dr. J. R. Johnson, of Minnesota 
Mining & Manufacturing Co., the director of the technical effort in 
connection with the 3M company’s atomic energy program. 

Chairman ANpDERsON. Yes. 

Dr. Jounson. I merely want to say we are on your side with respect 
to your last statement. 

Representative Hortrretp. You signed a contract that, if you 
thought of anything while working for Minnesota Mining & Manu- 
facturing, it belongs to them ? 

Dr. Jounson. That is right. We have scrupulously avoided accept- 
ing Atomic Energy Commission money in the atomic field, and there- 
fore we feel we are entitled to those things which we have developed; 
however, the way the law reads, we have come to the crossroads as 
to what is a rel: ationship Ww ith the Commission or what is an arrange- 
ment with the Commission. Obviously, where we have dev eloped 
ene which is useful to certain Commission facilities—and I 

‘an name many of them—they have wanted to test our materials or 
as them out. ‘Does this constitute an arrangement or a relationship 
with the Commission by which our rights can be taken from us? 
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Chairman Anperson. We are very hopeful that we will have a 
chance sometime to clarify that language. Therefore, we will be 
happy to have any suggestion that you want to make. I want to say 
to you that in writing the 1954 act we Spent an entire day one time 
on a single work. I found out then it is a difficult problem to make 
all the lawyers agree on any one particular set of words. It probably 
will be the same on this. We are very glad to have your suggestions. 


If you have a suggestion for language we will accept it at any subse- 
quent date. 


This will conclude the Joint Committee on Atomic Energy 202 
hearings. We expect to supplement the hearing record by asking 
the AEC to answer the questions which the chairman of this committee 
raised in his opening statement. We expect to discuss the AEC’ 
10-year atomic power program at greater length during the salhier 
ization hearings which will be presided over by Mr. Holifield March 8 
to 10 and April 5 to 7. We appreciate the attendance of people who 
are here and the contributions that have been made. 

Mr. Houirieitp. Mr. Chairman, before we adjourn, the record will 
be open to submissions by different companies on pertinent subjects 
for the printed record. 

Chairman ANpERSON. Yes; it will be. 

Representative Hovtrme ip. For another period of time? 

Chairman ANnperson. For about 2 weeks is the general rule. 

Thank you very much. 

(The following statements were submitted for the record :) 


AEROJET-GENERAL CORP., 


Azusa, Calif., February 15, 1960. 
The Honorable CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
U.S. Capitol, Washington, D.C. 


DEAR SENATOR ANDERSON: The following statements are respectfully submit- 
ted for the record in connection with section 202 of the Atomic Energy Act of 
1954, as amended, on the “Development, Growth, and Future of the Atomic En- 
ergy Industry.” 


ARMY GAS-COOLED REACTOR SYSTEM’S PROGRAM (AGCRSP) 


The principal nuclear oreyny of Aerojet-General Corp., at present, is in con- 
nection with the Army gas-cooled reactor system program, AGCRSP. This 
development program nA raion a joint effort by the Atomic Energy Commis- 
sion and the Army Corps of Engineers to develop a nuclear-powered, field elec- 
trical generating plant. Col. Donald G. Williams, of the Army Corps of En- 
gineers and the Army Reactors Branch, AEC, has taken a leading role in deter- 
mining the specifications and the mission that this powerplant will fulfill. The 
Army Reactors Branch of the AEC designated Idaho Operations Office, under 
the direction of Mr. Allan C. Johnson, to coordinate this program and to admin- 
ister the contract. 

Aerojet is overall systems contractor for this program, and is responsible for 
developing a closed-cycle, gas-cooled, mobile nuclear powerplant in the 300 to 
000 kilowatt (electrical) range. The plant will be readily transported by air- 
craft, rail, or standard Army trailer. 

The objective of the AGCRSP is to deliver a set of specifications and fabrication 
drawings of the field model of the nuclear powerplant by May 1962. This unit, 
designated the ML-1A, will be put into production shortly after this date. 

Basically, the ML—1A consists of four skid-mounted units: (1) Reactor assem- 
bly, 15 tons; (2) power-conversion equipment, 15 tons; (3) control cab, 2.5 tons; 
and (4) auxiliary components, 6 tons. 
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In developing the ML-1A, steps have been taken to assure a logical evolution | 
of technology. The reactor characteristics are being investigated in the gas- 
cooled reactor experiment I (GCRE-I) soon to go into operation at the National | 
Reactor Testing Station (NRTS) in Idaho. The power-conversion equipment 
is being investigated in the Gas Turbine Test Facility (GTTF) in the U.S. Army 
Engineering Research and Development Laboratories, Fort Belvoir, Va. In- 
formation from both of these facilities will be integrated and used to design | 
and fabricate the ML-1A (mobile, low-power, prototype unit 1). The ML-—1, to} 
be put into operation at NRTS by mid-1961, will be a skid-mounted unit. and 
will be prototype to the ML-1A in most characteristics. 

Aerojet first entered this program in November 1956 when it was awarded a 
contract to determine an optimum development program for the GCRE-I. This 
contract was later extended to include the design and fabrication of the GCRE-I f 
reactor, controls, fuel elements, and instrumentation. The responsibility for 
the reactor test facility and the gas loop design was awarded to Aerojet’s archi- 
tect-engineer group at Covina, ¢ ‘alif. 

The GCRE-I is a heterogeneous, water-moderated, nitrogen-cooled reactor op | 
erating at a nominal thermal power of 2.2 megawatts. The heat produced by 
the reactor is expended through a heat exchanger and cooling tower, in: smuch | 
as only reactor components are being tested at this facility. 

Aerojet’s Architect-Engineer Division was awarded a contract to supervise the 
construction of the GTTF at Fort Belvoir. The GTTF was based on a design 
prepared by the firm of Sanderson & Porter in 1956. Aerojet’s contract was 
amended early in 1959 to include acceptance testing of the GTTF. Since the 
GTTF is designed to provide information about the power-consersion equipment 
only, the nuclear heat input is simulated to by oil-fired heater. The principal 
components being tested include the turbine-compressor set, a recuperator, a pre 
cooler, and a generator. The Facility has recently been operated on an open- 
cycle test and is now being prepared for closed-cycle testing. 

The next phase in developing the ML-1A is to design, fabricate, and operate 
a prototype plant which is designated as the ML-1. This plant will be put into 
operation in the first half of 1961 at the NRTS in Idaho. It has been specified 
that, insofar as possible, this unit will be a prototype. As such it will provide 
valuable information on the operating potential and characteristics of the final 
field unit. 

The ML-1 is a heterogeneous, water-moderated reactor. The fuel elements are 
of the pin type, clad with a nicke]-base alloy, and contain ceramic UO, fuel. The} 
power-conversion equipment for the ML-1 is rather unique in that it will be the 
first application of the high-temperature, closed, gas cycle to nuclear power 
production in this country. The more normal approach to produce electrical 
power from nuclear reactors is to use the so-called two-cycle system; one in 
which a primary coolant flows through the reactor, is heated, and then routed 
to a heat exchanger which converts water to steam. The steam then is used 
to drive normal steam power-conversion equipment. In the closed-cycle gas 
system, the gas is directed from the reactor into the turbine without undergoing 
any intermediate step. The turbine directly drives an alternator and produces 
electrical power. 

This concept offers several advantages because of its simplicity and overall 
system efficiency. These advantages are extremely important to the Army for 
mobile, low-power applications now under consideration. Some of the specifica- 
tions of this nuclear powerplant are listed below and apply to both ML-1 and 
ML-1A. 


EC RNR EN en a 


BOCE TICE. DOWIE GEG iaicctce nen 400 kw (gross). 
Beactor ChermaAl POW CS? .<cicg asicisamnnbasinbans 3.4 mw (total). 
Gas temperature: 
Ott MOR soot cat sebaiiemetenaemtkdie 800° F. (nominal). 
be cher OCU... ji ie eee 1,200° F. (maximum). 
Distance of control cab from plant____--_-_-------- 500 feet. 
Dose rate at cab during operation_______---__-_-~-. 5 mr/hr. 


Maximum operating crew size (24-hour-day oper- 7 men. 
ation). 


The ML-1A has distinct advantages over stationary, or portable, nuclear power 
plants in that it can be relocated 24 hours after shutdown, and can be placed 1 
operation 12 hours after its arrival at a new site. The power packages are readilf 
transported by C-133, C-124, and C—130 aircraft, by the Army’s M-172A trailer, 
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and by rail. This permits the ML-1A to be used for a variety of military field 
applications. Some typical uses are: 

Advanced field hospitals. 

Remote missile bases. 

Radar stations. 

Emergency power (e.g. for civil defense). 

Being independent of fuel supply, the ML -1 offers logistic advantages not 
available with conventional powerplants. An additional advantage is the small 
crew required to maintain and operate the powerplant. This results in addi- 
tional savings in terms of the logistic support required. 

In general, things are going quite well on this program. It is expected that 
the GCRE-I will go critical at Idaho in the near future, and preliminary testing 
of the reactor is scheduled thereafter. The gas turbine test facility has operated 
on open-cycle testing of the turbine-compressor set, and the facility is now being 
prepared for closed-cycle operation. Two in-pile tests have been completed for 
the reference fuel element, supported by extensive out-of-pile heat transfer and 
materials testing. From this information it appears that the current ML-—1 fuel 
element is capable of achieving a lifetime of about 3,000 hours. Advanced ver- 
sions of this element will achieve the design goal of 10,000 hours. 

The MI-—1 design and fabrication is proceeding on schedule, and there is now 
no reason to believe that the criticality date of April 1961 will not be met. 

Aerojet feels extremely fortunate in being able to participate in this vital 
program for the Army and is grateful for this opportunity to review the program 
and to report its status. 


CHEMONUCLEAR REACTORS 


At the present time atomic energy is important for such military applications 
as weapons and propulsion systems. The principal program for peaceful use 
of atomic energy is central electrical power stations. To date the use of radio- 
isotopes has been recognized as the principal nonpower peaceful use of atomic 
energy. However, our studies indicate that the use of nuclear reactors for 
directly converting fission energy into chemical energy could also be of major 
importance. Reactors of this type have been named “chemonuclear reactors.” 
Our system is not only technically feasible but also potentially economically 
profitable. 

A chemonuclear reactor concept involves the operation of a nuclear reactor 
in which the fissioning fuel is in intimate contact with a chemical reactant stream. 
Its possible import to the combined nuclear and chemical field can best be dis- 
cussed in terms of a particular product—nitrie acid. 

Nitric acid production in the United States alone is some 3 million tons per 
year, and is worth nearly $300 million. Three-fourths of this is used as fertilizer. 
This industry is, roughly, one-tenth the magnitude of central station electrical 
power industry. Also, roughly one-tenth as much fossil fuel is currently used 
in making nitric acid as is used in central station power. 

The average rate of growth of the nitric acid industry in the United States 
exceeds 6 percent a year. Production of nitric acid using fission energy could 
require the construction of approximately three 100-megawatt plants per year to 
match this growth rate. At this time it appears that a reactor might be developed 
to supply nitric acid to consumers at lower costs, thereby increasing the rate 
of consumption appreciably, and therefore the yearly requirement for nitrogen 
reactor plants. 

The search for chemical applications of atomic energy is not a new one. Since 
operation of the first nuclear reactor, the application of the energy released to 
chemical production has been a topic of general discussion. Most proposals 
have suggested using the energy evolved either as process heat or as ionizing 
radiation. In the process heat concept, nearly all of the energy liberated is 
available, but at temperatures limited by the properties of construction mate- 
rials. Thus the energy is degraded to relatively low temperatures before ap- 
plication to the chemical system, and process and economics suffer accordingly. 

The ionizing radiation concept utilizes energy at densities equivalent to tem- 
peratures of 10,000° K. Furthermore, the products formed under these condi- 
tions are automatically cooled to any desired ambient temperature within mil- 
lionths of a second. They are thus prevented from decomposing and are pre- 
served in a desired form. However, this approach is severely limited in overall 
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efficiency by the fact that less than 7 percent of the fission energy is liberated 
as ionizing radiation. 

The ideal system would be one which combined the advantages of these two 
techniques without suffering from their disadvantages. Such a system was 
demonstrated by Harteck and Dondes working under an AEC contract at the 
Rensselaer Polytechnic Institute in 1956 when they used fission fragment recoil 
energy to combine nitrogen and oxygen, i.e., nitrogen fixation, as nitrogen 
dioxide. The efficient ‘utilization of this technique requires that the two or 
more fragments resulting from the fissioning of a uranium atom be allowed 
to recoil through a chemical reactant stream. Most of the energy liberated by 
fissioning is carried by these rapidly moving fragments, and this energy is de- 
posited as heat in the chemical stream. The high temperature resulting is 
utilized to bring about the desired reaction. No intermediate energy transfer 
steps are required, and thus relatively high efficiencies are attainable. 

A commercial unit based on this concept is envisioned as an integrated plant 
with self-contained decontamination and product purification steps associated 
with the nuclear reactor. In the specific case of a nitric acid plant, only air, 
water, and a small amount of uranium will be fed to the plant. The output will 
be pure, uncontaminated nitric acid and small quantities of concentrated radio- 
active waste. This nitric acid will be comparable in every way to that produced 
and consumed today. Since the production reactor is of inherently safe design 
and the routine processing of megacurie quantities of radioactivity is not novel, 
such a plant may be located at almost any site suitable for a routine chemical 
production facility. 

Historically, Aerojet’s interest in chemonuclear plants (particularly in the 
nuclear nitrogen fixation reaction) stems from a joint study cosponsored by the 
Union Stock Yard & Transit Co. of Chicago, a major producer and user of nitric 
acid because of its fertilizer interests. Reasonable engineering assumptions 
applied to the initial Harteck and Dondes concept resulted in a preliminary 
nuclear nitrogen fixation plant design and cost estimate indicating an econom- 
ically competitive process. 

A preliminary experimental study of the central process concept was then 
carried out by Aerojet under the sponsorship of the AEC. During this program 
anticipated commercial reactor conditions were duplicated in a small loop cap- 
sule which was irradiated in the Livermore pool type reactor. The resulting 
nitrogen fixation yields were substantially greater than had been assumed in 
the initial plant design study mentioned earlier. 

Much research and development remains to be done, of course, before com- 
mercial construction can begin. Aerojet is presently negotiating with the AEC 
for further R. & D. funds. At the moment reasonable engineering estimates 
predict that a 94-megawatt reactor would produce 107,000 tons of nitrie acid per 
year. In determining the ultimate economics of this process, the research, 
development, and plant design costs associated with the first plant have been 
excluded. On this basis, the total capital cost of such a plant is estimated at 
$21,500,000. Operating costs at normal capacity are estimated at $25.90 per ton 
of nitric acid. If the current market value of nitric acid (circa $78 per ton) 
is assumed, a net annual return of $5,580,000 is available for retirement of 
the investment. 

The goals to be achieved by such investigations may not be solely economic. 
For example, nitrogen fixation is normally based on the hydrogen-ammonia- 
nitrie acid-fertilizer chemical chain. Large, populous sections of the world 
have little or no petroleum refining capacity and are thus denied easy access 
to the byproduct hydrogen necessary for this process. With fertilizer essen- 
tially unavailable, agricultural productivity is low. In these areas, the advent 
of nuclear nitrogen fixation could result in readily available fertilizer at a total 
raw material expenditure of less than 2 grams of uranium per ton of fixed nitro 
gen. It is estimated that an intensive research and development program could 
lead to process commercialization in the mid-1960’s at a reasonable cost. 

While production of nitric acid is by no means the sole capability of such a 
system, this goal in itself is important enough to demand urgent consideration 
of this approach to using fission energy for chemical production. 

Sincerely yours, 
Dawn A. KIMBALL, President. 
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AMERICAN ELECTRIC POWER Co., INC., 
New York, N.Y., March 14, 1960. 
The Honorable CLINTON P. ANDERSON, 
Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DEAR SENATOR ANDERSON: In accordance with correspondence with you under 
dates of January 20 and February 3 and Mr. Ramey’s letter to me of February 
11, I am submitting the following statement for your section 202 record for 
this year. The statement is submitted by me as chairman, Research and De- 
velopment Committee, East Central Nuclear Group. It relates to the project 
for a 50-MWe advanced gas-cooled D.O moderated reactor of the pressure tube 
type intended for construction by the Florida west coast nuclear group. All 
this experimental work, as you know, is for a prototype of a full-scale plant 
capable of operating on natural uranium fuel. 

As I explained in my letter to you of February 3, a responsible statement 
to your Committee on this project had to encompass essentially the same 
ground as the semiannual report to the Atomic Energy Commission which was 
then in process of preparation. The report in question has now been com- 
pleted and delivered to the Atomic Energy Commission. This statement sets 
for the principal findings and conclusions of the report. Naturally, the report 
itself is much more detailed. 

In this statement I shall first describe the status of the research and develop- 
ment program, then the present prototype cost estimates, and next the initial 
cost estimate on a full-scale 300-MWe plant. Finally I shall attempt to assess 
the favorable and unfavorable conditions which have been encountered and 
describe the recommendations we have made to the Atomic Energy Commission 
for the future of the project. 


RESEARCH AND DEVELOPMENT PROGRAM 


The greater part of the work in the research and development program for 
this project is proceeding as planned. Conceptual design and engineering 
studies which have continued include: work to insure that the prototype design 
includes all necessary safety provisions; work to obtain a more reliable cost 
estimate on the prototype; and initiation of work leading to a preliminary 
conceptual design and cost estimate for a 300,000-KWe nuclear plant. 

The work to date has uncovered no indication of technical infeasibility. 
However, delays have been encountered in certain activities considered vital 
to a determination of technical feasibility. In consequence of these delays the 
projected date for the prototype reactor to go critical (approximately June 30, 
1963) can no longer be regarded as realistic. For every month of delay beyond 
July 1960 for the determination of technical feasibility, the projected date for 
the prototype reactor to go critical would probably be deferred 1 month. Most 
of the critical testing can in all probability be completed by the fall of this 
year. But certain critical items of work, namely, in-pile testing of fuel bundles 
and selection of an acceptable pressure tube flow liner, are not likely to be 
finished by that time; at the earliest, this critical work cannot be completed 
until the end of this year and possibly later. However, it is now believed that 
by September 1960 it should be possible to reasonably estimate terminal dates 
for conclusion of all the research and development program necessary to deter- 
mine technical feasibility. 


PROTOTYPE COST ESTIMATES 


In our original proposal for this plant in December 1957 we gave a very pre- 
liminary estimate of the capital cost at $25,885,000. As work proceeded on 
estimates, a number of important uncertainties with respect to capital items led 
us to report to the AEC in September 1959, that the cost of the prototype would 
range between $24,954,000 and $30,830,000. 

We have now refined those projected prototype costs so that our present 
estimate is $29,391,000. This figure is the best estimate made to date for the 
prototype as designed, and we believe that the actual cost of such a prototype 
would vary only slightly above or below this figure. 

Fixed charges for the prototype have naturally risen sharply with the in- 
crease in estimated capital investment. Annual nuclear fuel expenses, another 
major item, would be approximately the same as the lower range reported to 
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the AEC in Se O5$ was already considerably higher 
than that estimated in the original cceeeay Hoped-for reductions in cost have 
not materialized. 

The target energy cost, computed in accordance with the terms of the con- 
tract with the AEC, is now estimated at 12.05 mills per kilowatt-hour. The 
computation of target energy cost in the original proposal was 12.27 mills per 
kilowatt-hour. These target costs vary only slightly because while capital costs 
for the hypothetical conventional plant used for computing the target have in- 
creased, offsetting reductions have occurred in conventional fuel costs in Flor- 
ida. But the prototype energy costs, reflecting the increases both in capital 
investment and in fuel and other items, are now estimated at 14.75 mills per 
kilowatt-hour. 

A comparison of prototype energy cost estimates as presented in the Decem- 
ber 1957 Proposal for Cooperation With the Atomic Energy Commission for the 
Development of an Advanced Gas-Cooled D.O0 Moderated Pressure Tube Reactor, 
the September 1959 Consideration of Technical Feasibility and Prototype 
Energy Costs, and the present estimates are shown in the following table: 


Cost estimates 


[In thousands of dollars] 





September 1959 report 
December projections 
1957 
proposal 


| 

March 
pie 1960 
estimate 
| 


Lower Upper 


ee 

Bares 

| 

; . | : | 

Prototype capital investment... 25, 885 24, 954 30, 830 | 
Annual capital expenses 2, 786 2,728 | 3.341 | 
Annual D,O expenses 134 | 156 156 | 
Annual operating costs___- 758 580 859 
Annual fuel expenses (3d, 4th, and Sth yee ars)...| 647 1, 114 , 404 
Annual AEC waivers 160 254 254 
Net annual expenses (3d, 4th, and 5th years) -__| 4,165 4, 323 5, 506 
Net energy costs, mills per kilowatt-hour____---| 11. 90 12. 35 15. 73 
Target energy costs, mitls per kilowatt-hour-___- 12, 27 | 11. 78 | 11. 78 
Average conventional energy cost to FWCNG, 

mills per kilowatt-hour 9.4 

| 


9.4 | 9.4 
FWC NG operating deficit (Ist 5 years opera- 





5, 426 


6, 092 11, 897 | 

It is now clear that the target cost cannot be met by the prototype, and that 
if the prototype is to be built, new arrangements will have to be made to defray 
the increased costs. Our comments with respect to the problem of prototype 
cost appear in the final section of this statement. 


FULL-SCALE 300-MWE PLANT AND ITS COST ESTIMATE 


In reporting the status of the prototype, it is necessary to emphasize the 
relationship between the prototype and the full-scale plant. Particularly, it 
should be noted that stainless steel clad fuel elements for a prototype are 
strictly a stopgap solution. In designing a prototype, stainless steel cladding 

yas adopted in order to make possible a construction schedule for a prototype 
prior to the perfection of beryllium technology which may be some years off. 
The basic concept of this reactor requires a high-temperature fuel clad of low- 
neutron absorption material. Type 347 stainless steel is acceptable as a high- 
temperature material, but it is unacceptable on the neutron absorption point. 

It always has been the intention of this project to exert a sizable effort to 
demonstrate the feasibility of using metallic beryllium as the high-temperature, 
low neutron-absorption cladding material. The problems with beryllium are 
several, and so far only one of these has been directly approached by our project. 
This problem, which has to do with the formation of helium gas due to fast- 
neutron bombardment of beryllium, is being investigated by an experiment in 
the Oak Ridge Research Reactor. We anticipate in this experiment, which 
involves irradiation of beryllium under controlled temperature conditions with 
a large, fast-neutron flux, will yield a specific answer to this question. There 
is increasing confidence that the answer will be favorable since the fuel ele 
ments of the British high-temperature reactor are now being fabricated with 
beryllium metal clad. Details of the British experiments on the gas genera- 
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tion and entrapment due to fast-neutron bombardment are not known, but at 
least some British designers have concluded that such irradiation does not 
prevent the use of beryllium for high burnup fuel elements. Apparently other 
problems involved in beryllium technology, such as ductility which affects the 
drawing of tubing and recrystallization of weld zones which affects closures, 
have been satisfactorily solved. In the light of this evidence there seems to be 
good expectation that beryllium clad fuel meeting the specifications of high- 
temperature, low-neutron absorption can be realized. 

(In view of the considerable progress which has been made in obtaining 
alloys of zirconium which withstand destructive attack by hot carbon dioxide, 
there is also the possibility that further research on such alloys would yield 
one suitable for use as a fuel jacket. Presumably, a zirconium alloy would be 
less costly than beryllium metal and therefore would be preferred. Since no 
such alloy is known, it can only be a matter of speculation now, but there is 
the definite possibility that research on the properties of suitable zirconium 
alloys would be rewarding.) 

Assuming that beryllium technology can be applied to fuel element con- 
struction, an analysis of the fuel cost for this reactor for natural uranium and 
near-natural uranium has been made. This analysis supports the view that 
lowest fuel costs will be realized when enrichment is used for the extension 
of burnup only. The following tabulation shows the sharply favorable effect 
of fuel enrichment on estimated fuel cycle costs: 






Fuel enrichment (percent) Fuel exposure | Fuel cost (mills 


(MW D/ton U) per kwh) 











Beto bet oes c bait balls Bs ed ee ei ce 5 a eee eee 6, 000 2.6 
ih deca od ce + dea as Saeed eee eee pabbncS badd cdl A Bide? 10, 100 1.8 
pt haere thle odie PAE PE AO EET PLEIN BNA REA IE 15, 000 1.37 
Tore re ee Se eee ae 19, 600 | 1.18 


Low fuel cost by itself is significant and important for the future extension 
of the growth and use of nuclear power, as also is the ability of the reactor to 
operate satisfactorily on natural uranium, both from the standpoint of low 
fuel cost and from the standpoint of minimum refining operations intervening 
between the production of the basic fuel material and its use in the reactor. 
Plutonium recycle ultimately will be a desirable feature of nuclear power gen- 
eration, and, in this case, the performance of the natural or near-natural 
uranium, low-temperature moderator reactor of this project is distinctly superior 
to all other types with the possible exception of the fast breeder. Comparison 
with the fast breeder really is not possible unless very specific ground rules are 
stated, especially rules concerning inventory charges. 

The work that we have initiated during the past 6 months on a preliminary 
conceptual design and cost estimate for the full-scale plant has tended to con- 
firm our view of the promising nature of this reactor concept. These preliminary 
cost estimates are 10.2 mills per kilowatt-hour for natural uranium and 8.8 mills 
per kilowatt-hour for only 1.15 percent enrichment. The following table shows 
cost estimates for several enrichments: 


Enrichment, percent U-235___......---.-- Natural 0. 83 1. 00 1. 15 
Cost item: 
Fixed charzes 14 percent, 80 percent ca- Cost (mills per kilowatt-hour) 
DAES THONGN) ka se eae nee 5. 8 
Heavy water inventory (12.5 percent per 
WOMET Soo ude enas ccktome ee ena 0. 79 
Fuseoyers Gost Yeh a cus 2. 6 1.8 1. 37 1.18 
Operation and maintenance_________-- 0. 93 
Heavy water makeup---_.-..----.---- 0. 06 
Total energy cost (mills per kilowatt- 
MOOT. SEO] hi Be oa we 10. 18 9. 38 8. 95 8. 76 











Our preliminary investigation and cost estimate at least indicate that the 
energy cost of this reactor concept may be comparable with those of other 
reactor concepts, although the limited extent of our study prevents a valid 
comparison with the costs reported in AEC documents TID-8504 and TID—8516, 
some of which are lower and some higher than those in our study. 
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CONCLUSIONS 


Both ECNG’s and FWCNG’s interest in the prototype continues. FWCNG is 
still willing to assume a financial burden for such a plant up to 150 percent of a 
conventional plant energy cost as defined in the AEC contract. But the presently 
estimated protoype energy cost is approximately 185 percent of such a conven- 
tional plant. This means that even with FWCNG assuming the burden associ- 
ated with the 150 percent, the cost differential reflected in the 185 percent figure 
would require assistance to FWCNG to place it in a position with respect to cost 
burdens comparable to that contemplated by the original proposal and the 
contract. 

The interest of everyone concerned, despite the discouraging cost figures on the 
prototype, grows out of the attractiveness of the original concept when applied to 
a full-scale plant of 300,000 KWe. We believe, as stated earlier, that this concept 
has a number of distinct advantages and that it should be possible to incorporate 
these advantages economically in a full-scale plant. One of the most attractive 
features of the concept in full-scale application is the effect of fuel enrichment 
on estimated fuel-cycle costs: these estimated fuel costs bear repetition, ranging 
from 2.6 mills per kilowatt-hour using natural uranium, with a sharp drop to 
1.18 mills per kilowatt-hour with only a slight enrichment to 1.15 percent. 

It is also worth repeating that the attractiveness of this reactor concept de- 
pends ultimately on the development of beryllium or other low neutron absorbing 
material to use for fuel cladding. Although the successful development of this 
technology may be some years off, we think our research and development 
program is one of the essential prerequisites to use of beryllium fuel cladding. 

In sum, we still strongly believe that the research and development program 
originally proposed is worthwhile and should be continued. Substantial research 
and development expenses are just now approaching, in which we share expenses 
with the Government. Research and development expenditures for calendar 
year 1960 are estimated to be of the order of $3,500,000. We are sharing these 
expenditures because we believe that the work should be continued to the point 
where technical feasibility of the concept can be determined. Should technical 
feasibility be established, and assuming continued promise for the full-scale 
plant, we would then be in the best position to explore solutions to the financial 
problem created by the increased cost of the prototype and its operation. 
Meanwhile, we shall try to find possible solutions. 

Sincerely yours, 
East CENTRAL NUCLEAR GROUP, INC., 
By PHILIP SPorN, 
Chairman Research and Development Committee. 


AMERICAN PATENT LAW ASSOCIATION, 
Washington, D.C., February 17, 1960. 
Hon. CLinton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
U.S. Senate, Washington, D.C. 


DEAR SENATOR ANDERSON: The American Patent Law Association desires to 
reaffirm its previous statement favoring a return of the atomic energy field to 
the normal operation of the patent system by repeal of Chapter 13 of the Atomice 
Energy Act of 1954. Such repeal would place the Atomic Energy Commission on 
the same basis as the Defense Department as regards its patent activities. Title 
28, United States Code, section 1498, dealing with compensation to patent own- 
ers for the use of their inventions by the Government, and title 35, United States 
Code, sections 181 to 188, regulating in detail patent aspects of inventions with 
respect to which the national security is involved, would then apply in the 
atomic energy field as they now do in other fields. Such repeal would enable the 
AEC to regulate its own patent affairs having to do with procurement, by regu- 
lations analogous to the Armed Services Procurement Regulations, A.S.P.R. 
section LX, dealing with patents and technical data, rather than be controlled 
by the more rigid statutory regulations now in effect. 

We refer you particularly to the statement filed at hearings before your com- 
mittee on April 22, 1959, by Richard Whiting on behalf of our association and 
made a part of the record of such hearings. 
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We respectfully request the inclusion of this letter in the record of the hear- 
ings Which will be held under section 202 of the Atomic Energy Act beginning 
February 16, 1960. 

Respectfully yours, 
CHARLOTTE E. GAUER, 
Eerecutive Director. 


THE Bascock & WILcox Co., 
ATOMIC ENERGY DIVISION, 
New York, N.Y., February 15, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, Congress of the United 
States, Washington, D.C. 

DeaR Mr. RAMEY: Thank you for your letter of February 9 attaching a copy 
of part 4 of the Atomic Energy Commission’s “Civilian Power Reactor Program: 
Study.” We are making a statement for the section 202 hearings, but touched 
only briefly on item 1 of the suggested topics. 

We consider part 4 a good presentation of the AEC’s plans for reactor de- 
velopment. In general, it is a well-prepared program. 

As you would expect, we have some reservations on some of the concepts to 
be covered in the reactor program, but our competitors probably have similar, 
though different, reservations. I am confident, however, that aggressive action 
on the reactor program can give results which will yield commercially com- 
petitive nuclear power much earlier than some people think. 

Sincerely, 
L. M. Currir, Vice President. 


STATEMENT OF THE Bascock & WILcOox Co. FOR THE FEBRUARY 1960 HEARINGS OF 
THE JOINT COMMITTEE ON ATOMIC ENERGY 


The Babcock & Wilcox Co. appreciates the opportunity to submit a written 
statement to be included in the record of the hearings which the Joint Commit- 
tee on Atomic Energy has scheduled in the period February 16 through 25, 1960. 
Our comments are directed to items 1 and 3 of the list of suggested topics at- 
tached to your invitation. 

Under item 1, the AEC’s 10-year civilian power program, the Babcock & Wil- 
cox Co. is manufacturing equipment for the nuclear portion of the Consolidated 
Edison Co. powerplant to be located at Indian Point on the Hudson River, and 
it is our understanding that Consolidated Edison is forwarding a statement 
concerning the status of the work on the plant. 

A very significant feature of this plant is its utilization of thorium in a large 
size power reactor. The work of the Babcock & Wilcox Co. leads us to believe 
that thorium utilized in an improved type of pressurized water reactor, includ- 
ing the use of heavy water in a moderator control system, can yield very good 
heutron economy. 

Uranium 233 has an inherent advantage over plutonium as a fuel in thermal 
reactors because it releases more fission neutrons per neutron absorbed by the 
fuel. As a result, more neutrons are available for capture in the fertile ma- 
terial to make new fuel. The practical result of recycling U*™ is to reduce the 
quantity of U* required from the diffusion plants to produce a kilowatt-hour of 
electricity. In light water reactors recycle of plutonium can reduce the quan- 
tity of U™ required by about a factor of two, whereas recycle of U™ can reduce 
the U* required by at least a factor of five. The moderator control reactor with 
thorium offers the possibility of a breeder reactor which would reduce U*® re- 
quirements to a minimum. 

The potential of thorium as a fuel can best be evaluated after the compara- 
tive prices for plutonium and uranium 233 have been stabilized. 

The significant factor in these prices will be the recycle costs. If the cost of 
recycle of both fuels is the same—and there is little reason to believe that one 
fuel will be cheaper to fabricate than the other since both plutonium and U™ 
require special handling procedures—it appears that the use of U* would lead 
to lower fuel costs. 

Unless fuels can be recycled economically, neither plutonium nor U*™ will show 
a net credit for fissionable material produced. A strong effort in this area is 
therefore recommended, particularly for the U™ thorium fuel cycle. Also we 
feel that the relative prices for U** and plutonium should be reevaluated and 
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changed, if necessary, in the light of new information which has been developed 
in the nuclear energy field in the last few years. 

With respect to item 3, the maritime reactor program as it affects industry, 
we are continuing our work on the nuclear-propulsion equipment for the N.S. 
Savannah. All of the large pieces of equipment, pressure vessels, Steam genera- 
tors, pressurizer, primary pumps, primary piping with valves, turbines and re- 
duction gears, have been delivered to the shipyard, and with the exception of 
the motors and impellers for the primary pumps, all have been installed in the 
vessel. 

The fabrication of the reactor core has been completed. The actual core con- 
sisting of fuel elements, control rods and fuel container assembly, has been set 
up in the critical experiment laboratory in Lynchburg, and was brought to crit- 
icality on February 8 with nuclear performance as predicted. Zero power 
tests on the core are continuing, and shipment will be made upon completion 
of these tests. 

Shipment of the control rod drives is scheduled for March. 

As a result of our long interest in marine propulsion since our first ship- 
board installation in 1875, and more recently because of our participation in 
the building of the nuclear powerplant for the Savannah, we are very interested 
in the problems involved in the building of additional nuclear-powered ships. 

Recently the Babcock & Wilcox Co. signed a 10-year agreement with Cantieri 
Riuniti Dell’Adriatico (United Shipyards of the Adriatic) permitting this large 
Italian shipbuilding concern to build and sell merchant vessels powered by 
nuclear propulsion plants based on Babcock & Wilcox designs, know-how, and 
patents. Under terms of the agreement, Babcock & Wilcox will furnish techni- 
eal assistance to CRDA for nuclear-propelled ships to be sold both within and 
outside Italy. 

The biggest problem in the operation of American ships today is one of eco- 
nomics. The cost of ship construction in this country is approximately twice 
that in foreign countries, and the cost of ship operation is higher under the 
American flag than under a foreign flag. 

These differences in costs reflect the standard of living we have developed 
under the American system. It is part of our way of life and is therefore a 
fundamental consideration in the overall problem. 

This problem exists whether the ship is driven by nuclear energy or by 
energy derived from fossil fuels. Therefore, we have the basic ship cost as the 
first part of our problem. This must be considered as it has been in the past 
under the subsidized program. 

With nuclear power there is an additional cost differential. The nuclear 
equipment necessary to generate the steam requires costs considerably more than 
does comparable equipment burning fossil fuel. Principally for this reason the 
eost of a nuclear ship will be higher than a conventional ship, by 50 percent in 
special cases and even more in others, depending on the type of ship. 

Against these higher capital costs there will be some savings. More cargo 
ean be carried on a nuclear ship as less fuel is required. The cost of nuclear 
fuel may be slightly less than fossil fuel. At present these savings do not 
generally exceed 10 percent of the operating costs, and this is not sufficient to 
overcome the high capital costs. 

When merchant ships are built and operated by shipping companies in busi- 
ness to make money, as is the usual case, capital costs and operating costs are 
or great importance. This is attested by the large number of American ships 
being built in foreign countries by American owners and later operated under a 
foreign flag. 

There is the possibility that American capital may be invested in foreign-built 
nuclear ships with reductions in costs as compared to this country. If this 
should happen, foreign countries will probably design and build the equipment, 
with attendant loss of experience to American manufacturers. 

If the United States is to build nuclear merchant ships, we must have a pro- 
gram. This program should provide assistance to private shipowners and op- 
erators in the same spirit as assistance has been provided in getting the civilian 
power program underway. The mechanics must be different because of the dif- 
ferent economic conditions in the shipping industry. 

We need first to determine the most likely applications for nuclear power. In 
general the larger and faster the ship and the longer its run the more nearly 
competitive is nuclear power. A large fast passenger ship may prove to be a 
worthwhile application for nuclear propulsion. 
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The United States needs a program which will select the proper applications, 
and will then provide the economic arrangements which will make it possible 
to build ships in the United States and operate them under the American flag. 
The program must include Government aid in construction and operating costs. 

People who build and operate ships in the United States are ready to accept 
new ideas and designs. The ships which have been built are testimony enoug 
These ships compete against foreign-flag ships, and operate successfully under 
a well-established program. If a program for nuclear ships is also set up there 
will be a future for nuclear merchant ships in the United States. 

L. M. CuRRIE, 

FEBRUARY 15, 1960. 


ADDITIONAL STATEMENT OF THE Bascock & Witcox Co. FoR THE FEBRUARY 1960 
HEARINGS OF THE JOINT COMMITTEE ON ATOMIC ENERGY 


We realize the complexity of patent situations where AEC funds are involved 
in research and development programs, and recognize that “foreground rights” 
present a knotty problein. 

However, there are two areas—each causing many difficulties—where clearer 
statements of the law would be of great help. These two areas deal with “back- 
ground rights” and/or rights to know-how developed independently of (though 
possibly concurrent with) a given AEC contract. 

In the area of AEC contract policy, we have objected to the use of the phrase 
“in connection with” in the AEC standard patent clause as set forth in article 
013 of chapter 91138 of the AEC Manual (copy attached), because we are uncer- 
tain as to what inventions may be covered by the phrase. Our attorneys are of 
the opinion that by accepting such broad and vague language, Babcock & Wilcox 
may be jeopardizing rights to inventions not made under any AEC contract but 
made during said contract term and at B. & W.’s own expense in its commercial 
business of boilers and reactors. 

Recently we feit it necessary to stop doing some work for the Argonne Na- 
tional Laboratory (ANL) because during negotiations we could not get the 
AEC to remove the “in connection with” phrase from the patent rights article. 
The proposed contract called for B. & W. to run some $90,000 worth of tests 
for the experimental boiling water reactor (EBWR) at Argonne National Labora- 
tory. The work would have extended over a period of more than 1 year, and 
would have utilized only know-how and techniques in handling circulation of 
boiling water—knowledge accumulated by Babcock & Wilcox over a period of 
many years. 

Because of their extremely tight schedule for that reactor, we had started 
work immediately upon receipt of Argonne National Laboratory’s request. After 
considerable expense to Babcock & Wilcox, and much effort, we stopped this 
work and thereby probably upset the Argonne National Laboratory schedule of 
criticality of the experimental boiling water reactor. 

Decision for stopping the work was based on the vague language of the patent 
rights article, which we felt would cast a shadow on the title of any Babcock & 
Wilcox inventions or discoveries in the field of steam-water circulation and 
separation which might be made just prior to or during the term of the con- 
tract, even though outside of the contract work. As steam boilers are our tradi- 
tional business, we felt we could not afford to jeopardize Babcock & Wilcox’s 
rights to inventions and discoveries in that field. 

AEC legal and patent people decided they could not delete the phrase to which 
we objected because they felt it required a waiver, of section 152 of the act of 
1954, for the benefit of the contractor. In their opinion a waiver would be justi- 
fied only in a case where the Government program would be seriously impaired. 
They apparently did not feel that the work stoppage would constitute a serious 
impairment of the Argonne National Laboratory program. (I believe the Argonne 
National Laboratory technical people felt otherwise. ) 

We believe that continued use of the term “in connection with” in the AEC 
standard article on patent rights will discourage other possible contractors from 
taking AEC contracts in fields of activity where the contractors have a com- 
mercial business and, presumably, have the kind of experience the AEC desires 
and needs. A study of this problem by the Joint Committee would clarify the 
Situation and help both the AEC and industry. 
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U.S. ATOMIC ENERGY COMMISSION—AEC MANUAL 


Volume 9000 Contracting. AEC 9113-01 
Part 9100 Procurement and Contracts. CSSC 


CHAPTER 9113 PATENTS AND COPYRIGHTS 


9113-01 Patents and Inventions. 


011 Purpose and Scope of Section. This section sets forth the policies and 
practices of the AEC in connection with patents and related matters and pre- 
seribes contract articles for the purpose of protecting the Government’s interest 
by securing to the Government (a) patent rights in research and development 
contracts, operating and service contracts, architect-engineer contracts, special 
contracts and subcontracts and purchase orders thereunder and (b) protection 
against patent risks in architect-engineer, construction, and supply contracts and 
purchase orders. 

012) Rights in Inventions under Contracts. 

a. The current practice of the AEC as to provisions relating to inventions to 
be inserted in contracts and subcontracts (as defined in 9101—022e) is determined 
primarily by— 

1. the character of the work to be performed under the contract; such as 
research or development; routine development; construction ; supply ; quan- 
tity production ; and 

2. the industrial and patent position of the contractor in the field of work 
of the contract. 

Where provisions relating to inventions are appropriate, a provision concerning 
waiver of claims for pecuniary awards or just compensation under the Atomic 
Energy Acts shall be included. A similar provision shall be included in employee 
agreements. No provision pertaining to inventions need be used where ordinary 
commercial materials or equipment are to be furnished “off the shelf’’ or in 
ordinary construction contracts not involving special buildings or equipment. 
In such instances, however, an indemnity provision, as set forth in 9113-019 in 
favor of the Government shall be obtained. 

b. Any question as to modification, interpretation, or application of the appro- 
priate patent provisions shall be referred to the local AEC counsel for action 
in collaboration with the local Patent Group, or where no local Patent Group 
exists, with the Chief, Patent Branch, AEC, Washington. 

*013 Type A Patent Provisions. The following patent article shall be used 
when the work to be performed or the material or equipment to be furnished 
by the contractor is of such character that any inventions or discoveries that 
may be made probably will relate directly to or concern some phase of the research 
or development work which AEC conducts or sponsors.* 


“TYPE A PATENT PROVISIONS 


“1. Whenever any invention or discovery is made or conceived by the contractor 
or its employees in the course of, in connection with, or under the terms of this 
contract, the contractor shall furnish the Commision with complete information 
thereon; and the Commission shall have the sole power to determine whether 
or not and where a patent application shall be filed, and to determine the disposi- 
tion of the title to and rights under any application or patent that may result. 
The judgment of the Commision on these matters shall be accepted as final; and 
the Contractor, for itself and for its employees, agrees that the inventor or inven- 
tors will execute all documents and do all things necesary or proper to carry out 
the judgment of the Commission. 

“2 No claim for pecuniary award or compensation under the provisions of 
the Atomic Energy Acts of 1946 and 1954 shall be asserted by the contractor or 
its employees with respect to any invention or discovery made or conceived 
in the course of, in connection with, or under the terms of this contract. 

“3. Except as otherwise authorized in writing by the Commission, the con- 
tractor will obtain patent agreements to effectuate the purposes of paragraphs 1 
and 2 of this article from all persons who perform any part of the work under 
this contract, except such clerical and manual labor personnel as will not have 
access to technical data. 

“4. Except as otherwise authorized in writing by the Commission, the con- 
tractor will insert in all subcontracts provisions making this article applicable to 
the subcontractor and its employees.” 


*Revised: June 20, 1955. 
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*014 Type B Patent Provisions. The following patent article shall be used 
when the work to be performed or material or equipment to be furnished by the 
contractor is of such character that any inventions or discoveries that may 
be made probably (a) will relate only incidentally (and not directly) to some 
phase of the basic research or development work which AEC conducts or sponsors, 


but (b) will relate to a field of work in which the contractor has an established 
industrial and patent position.* 


Burns & Rog, INc., 
New York, N.Y., February 19, 1960. 
The Honorable CLINTON P. ANDERSON, 


Congress of the United States, 
Joint Committee on Atomic Energy, 
Washington, D.C. 


My Dear SENATOR ANDERSON: In reviewing the report sent to us by the Joint 
Committee on Atomic Energy on the civilian power reactor program study, we 
are somewhat concerned with what appears to us to be the principal emphasis 
of the report—namely, the very natural attempt to promote the development 
of a few proven or semi-proven types of reactors such as pressurized boiling 
water, organic cooled, gas cooled, and fast breeder. While we recognize fully 
that it would be unwise and funds certainly could not be made available for 
the exploration of all the potentials of the atomic field, it does seem to us 
that certain potentials need more support if from a long range viewpoint we 
are to get the best that is available from the development of atomic power. 

Certain reactor types that in our minds have merit such as the heavy water and 
the aqueous homogeneous types seem to be reduced in effort either by virtue of 
joint participation or reduction in capital funds. Our feeling is that the aqueous 
homogeneous reactor program offers enough potential in the form of low fuel 
cycle costs that it might be well to do some further work on this in spite of 
the inherent difficulties of development which are, of course, recognized. 

Also, we find no reference to direct conversion power generation or controlled 
fusion power generation. Direct conversion by thermionics or thermoelectric 
appears feasible with sufficient research since it would appear that the potential 
power economics are likely to be attractive. 


We trust the above viewpoint may be of some interest to you. 
Very truly yours, 


R. C. Roe, President. 


STATEMENT OF ALEXANDER GRENDON, COORDINATOR OF ATOMIC ENERGY DEVELOP- 
MENT AND RADIATION PROTECTION, STATE OF CALIFORNIA 


Upon the invitation of the chairman of the Joint Committee on Atomic En- 
ergy, the following statement is submitted for the record of the hearings to be 
held by that committee pursuant to section 202 of the Atomic Energy Act of 
1954. The matters discussed are arranged in the order of the list of “Sug- 
gested Topics—1960” attached to letter of invitation, insofar as they can be 
related to those topics. 

1. The siting of nuclear reactors has been surrounded with safeguards to 
minimize public hazard, yet the process leaves something to be desired from 
the viewpoint of those close to each site. By the time the State and the local 
groups are afforded opportunity to express their views as to the acceptability 
of a contemplated site, the economic commitments associated with the project 
are often great enough to offer strong resistance to any suggested change. We 
in California are trying to develop some explicit, firm criteria that may consti- 
tute a minimum standard to be met by any proposed site, even while recog- 
uiz ng that each proposal must be evaluated on its merits and that the established 
minima may be inadequate in any particular instance. It is felt that some 
precise specifications, however few, are better than none at all and may serve 
to forestall investment in a project that is certain to meet with objection. It 
would be of great aid to us if the AEC, in its consideration of safety criteria 
for reactor sites, as announced in its news release No. B-79, May 22, 1959, 
would seek to attach specific minimum (or, in some cases, maximum) numbers 
to factors involved in these criteria. “Several miles,” “large reactors,” “large 





*Revised: June 20, 1955. 
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cities,’ “relatively impermeable,’ and other qualitative terms would be en- 
hanced in usefulness if supplemented with numerical values or formulas consti- 
tuting minimum requirements. 

2. The Navy and maritime reactors pose a serious problem for coastal States, 
in particular. California's regional water pollution control boards have sought 
to obtain data to evaluate the local hazards involved in the presence of the 
Navy’s nuclear-powered vessels in our harbors, but with only a negligible degree 
of success. BuShips Instruction 9890.5, dated May 12, 1958, establishes pro 
cedures and limits for radioactive waste disposal, though the limits set therein 
are based on outdated standards and on some assumptions that might well be 
challenged. BuDocks Instruction 11345.1A, dated December 3, 1958, establishes 
Navy policy regarding cooperation with local authorities in pollution abatement, 
but apparently has reference to shore stations only. In the latter regard, the 
practice has lagged far behind the principle in some of the naval installations 
in California, insofar as nonradioactive wastes are concerned, thus casting some 
doubt on how much concern may be displayed with regard to radioactive wastes. 
Taken together, the use of qeustionable standards for allowable discharge of 
radioactive wastes, a history of reluctance to cooperate in abating ordinary 
pollution, and an apparent unwillingness to disclose or discuss the data that 
might permit independent evaluation of the radioactivity hazard by local 
agencies give cause for concern as to the future trend in the use of nuclear 
power for ships. It is urged that a policy be established that will afford 
State and local agencies greater opportunity to gage the hazards in adjacent 
waters from the presence of nuclear-powered vessels and a more effective role 
in controlling them. 

3. The industrial uses of radioisotopes, and the dispersal to the environment 
of radioactive wastes that often accompany these uses as well as reactor 
operations, are closely hinged to a set of standards of permissible exposure 
about which endless arguments have raged. It may well be that the conse- 
quences of exposure at very low levels of intensity, or to low values of total 
dose, have been materially overestimated, thus imposing unnecessary handi- 
caps on industry, or underestimated, with undesirable risks to the public health. 
The basic problem is that proponents of both views can argue only from theory, 
since the only data available pertain to much higher doses than the established 
permissible limits. The theoretical model chosen to extend the observed effects 
to much lower doses determines the conclusion as to the significance of these 
doses. The lack of data in the region of interest stems from the fact that it 
would take an experiment with enormous numbers of subjects, under carefully 
controlled conditions, to prove or disprove the existence of an effect as small 
as might be expected, in terms of percentage of those exposed, when that effect 
is masked by the natural occurrence of similar events. An experiment of that 
kind would be very costly, but its value in affording a firm basis for evaluation 
of the risk in very low levels of exposure would be inestimable. Sponsorship 
of a carefully designed experiment on a sufficiently grand scale should be made 
a prime objective of the national atomic energy program. 


CALIFORNIA RESEARCH CorpP., 
RICHMOND LABORATORY, 
Richmond, Calif., February 1, 1960. 
Senator CLinTon P. ANDERSON, 
Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DeAR SENATOR ANDERSON: Thank you for your letter of January 20, inviting 
me to testify before the committee in this year’s section 202 hearings. 

Although I might be able to contribute some interesting information out of 
our company’s experience in the industrial development and uses of radioiso- 
topes, I do not believe anything I would have to say would be sufficiently new 
or different from what you have heard before to justify taking your time for 
it now. 

We have actually encountered very few problems in our varied uses of iso 
topes in petroleum research and refining. We have found the personnel of the 


AEC Isotopes Division very cooperative in ironing out such problems as have 
existed. 
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We have been interested in sharing our experiences in the beneficial uses 
of isotopes with other industrial groups who are not yet taking advantage of 
this tool. It appears to me that constructive steps are now being taken to ex- 
pand the uses of isotopes into these new areas. I particularly have in mind 
the courses that are being given at the Oak Ridge Institute of Nuclear Studies 
and that are being organized in university and even in high school extension 
divisions. 

One step that I definitely believe would greatly aid the wider use of radio- 
active tracers is the final adoption of 10 CFR sections 30.8 and 30.73, pertaining 
to exempt concentrations of radioisotopes, published in the Federal Register, 
October 31, 1958S (23 FR8428). The logic in favor of this amendment is un- 
assailable, and there are many demonstrated useful applications that will 
find much wider use as soon as it is adopted. 

In the event that the committee should find it desirable at some future time 
to schedule hearings specifically on the subject of industrial use of radioiso- 
topes, along the line of hearings that you have had in other specific fields, we 
would certainly be glad to take part. But at the moment, we do not see any 
problems in the industrial isotope field pressing enough to require oral presenta- 
tion to your committee. 

Respectfully yours, 
D. E. HULL. 


CAROLINAS VIRGINIA NUCLEAR POWER ASSOCIATES, INC. 
Richmond, Va., February 4, 1960. 
The Honorable CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DEAR SENATOR ANDERSON : We appreciate the invitation of the Joint Committee 
to submit a statement in connection with the hearings to be held under section 
202 of the Atomic Energy Act of 1954. Since our project is progressing satisfac- 
torily according to schedule, the time of the committe can be saved by submission 
of our statement in writing. 

Since the hearings under section 202 in 1959, CVNPA has concluded the neces- 
sary arrangements with South Carolina Electric & Gas Co. for the long-term 
lease of the reactor site and for the purchase from CVNPA by South Carolina 
of the steam produced by the nuclear plant for South Carolina’s use in the 
generation of electricity at its adjacent steam-electric generating plant. 

The necessary research and development work for the construction of this 
pressure tube reactor is being carried forward with the assistance of Westing- 
house Electric Corp. (Westinghouse) under a contract dated June 17, 1959, that 
was executed with the approval of the AEC. Several problems have been en- 
countered, but it appears that the research and development program affords 
assurance for their satisfactory resolution. After hearings on the CVNPA 
project on September 11, 1959, and December 11, 1959, the AEC’s Advisory 
Committee on Reactor Safeguards concluded that “a reactor of this general 
type with containment as proposed by [CVNPA] for the Parr location may be 
constructed and operated at the site selected without undue risk to the health 
and safety of the public.” During these hearings there was a thorough exposi- 
tion of the major design characteristics and the research and development pro- 
gram. The advisory commitee was particularly interested in CVNPA’s testing 
program for the suitability of zircaloy as a material for the pressure tubes. 
In the study of this program, we have had helpful cooperation from the Hanford 
Laboratory and from Atomic Energy of Canada, Ltd. The Hanford and Ca- 
nadian reactors are the same general type as the CVNPA reactor, and the experi- 
ence of the three projects should continue to be mutually beneficial. A critical 
experiment is scheduled to begin in April of this year at the Westinghouse Re- 
actor Evaluation Center, and we expect that it will verify many of the conclu- 
sions indicated by our research and development work. 

During the past year the administration of our contract with AEC was first 
assigned to the New York operations office and then transferred to the Savannah 
River operations office. Our relationship with both of these offices has been 
highly satisfactory and beneficial. 

CVNPA has applied to the AEC for a construction permit and a public hearing 
has been set for February 23, 1960. If the permit is granted, CVNPA plans to 
begin construction at the site in the late spring. Plans for construction are 
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being matured by Stone & Webster Engineering Corp., CVNPA’s construction 
supervisor, and Westinghouse. Meanwhile negotiations with Westinghouse on 
an apparatus supply agreement for material to be used in the reactor are in 
progress. This contract should be executed in the near future. 

CVNPA has made arrangements with Lockheed Aircraft Corp. for consulta- 
tion with expert meteorologists. With their assistance, CVNPA is conducting 
an intensive survey of weather at the reactor site. CVNPA is also engaged in 
a study of the mutual radioactivity of the area. In this study the South Caro- 
lina Water Pollution Authority has been most cooperative. Both of these studies 
will supply data that will help to assure the safe operation of the reactor. 

Our experience to date on the CVNPA project has confirmed our expectations 
that the project is feasible, will be completed on schedule in 1962, and will be 
successful in advancing the art of generating electricity from atomic energy. 

Yours respectfully, 


E. H. W111, President. 


CHAMBER OF COMMERCE OF THE UNITED STATES OF AMERICA, 
Washington, February 25, 1960. 
The Honorable CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Senate Office Building, Washington, D.C. 


DEAR SENATOR ANDERSON: The Chamber of Commerce of the United States 
1960 legislative program in the field of atomic energy is attached. This is the 
statement I mentioned in my January 29, 1960 letter. 

The statement was drafted by our committee on commercial uses of atomic 
energy and approved by the national chamber’s board of directors on February 
13, 1960. 

The chamber is convinced that the principles set forth in the attached go a 
long way toward fulfilling the objective of the Atomic Energy Act of 1954 to 
“strengthen free competition in private enterprise.” 

I should like to stress several points in our program. Points 1, 2, and 3 are 
designed to increase private industry’s role in the Government's atomic energy 
program. We applaud the Joint Committee on Atomic Energy and the Atomic 
Energy Commission for the many efforts to make greater use of existing and 
expanding industrial capacity and technical skills. Our sole purpose is to fur- 
ther the progress already made. 

There seems to us to be a need for a clear, written statement of the Com- 
mission’s policy on procurement from private facilities backed by specific in- 
structions of implementation to all Government-owned atomic energy installa- 
tions and an appropriate follow-up procedure. This, we would hope, could result 
in more uniform application of the Commission's policy which in turn will be of 
great help to a young industry trying to plan its future. 

We do not wish the closure of Government laboratories, but rather the trans- 
ferring out of the laboratories of work which can be done with reasonable effi- 
ciency in privately owned facilities so that the laboratories may concentrate on 
their proper and all-important function of frontier research. 

Point 4 of the attached program summarizes a longstanding chamber policy 
on atomic electric power which reads in part as follows: 

“The Federal Government should not own or operate atomic powerplants 
for commercial energy production. Aside from regulation, Government activity 
in the area of atomic power generation should be limited to research, develop- 
ment, experimentation, and the encouragement of wide industrial participation. 
As soon as the stated purpose of any Government experimental facility has been 
achieved, it should be disposed of. Should any Government experimental facil- 
ity have a residual economically feasible use, it should be offered for sale. The 
production for sale to the public electricity generated by means of atomic 
power should be the responsibility of the existing utility industry. Any interim 
production of atomic energy by experimental facilities at Federal Government 
atomic energy installations should either be used by the Government in the 
operation of such installations or disposed of on a nonexclusive basis to distrib- 
uting utilities in the area without preference or discrimination.” 

To assure maximum utilization of individual creative ability, normal patent 
rights (as established by the patent statutes of the United States) should be 
applied to all inventions relating to atomic energy. Normal patent rights should 
ve applied regardless of whether the inventions were a result of Government 
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contracts and subject only to a royalty-free, nonexclusive license for Government 
use of patents developed as a result of Government contracts. 

Pending restoration of normal patent rights (point 6 of the attached program) 
American industry should be permitted to obtain adequate patent protection 
in foreign countries. For this purpose, Government contractual relationships 
should permit private contractors to take the initiative in establishing appro- 
priate foreign patent rights in their inventions. 

We appreciate this opportunity to explain the national chamber’s views on 
what is needed to encourage the development, growth, and state of the atomic 
energy industry and would like this letter and the attached statement included 
in the record of the Joint Committeee’s section 202 hearings. 

Cordially yours, 
CLARENCE R. MILES, 
Manager, Legislative Department. 


Tue 1960 LEGISLATIVE PROGRAM IN THE FIELD OF ATOMIC ENERGY 


Congress should enact legislation in the atomic field which, while imple- 
menting both domestic and international objectives, does so by strengthening 
our domestic enterprise system. 

Specifically in dealing with atomic energy legislation Congress should in- 
corporate the following principles: 

1. Enact policies and programs designed to make maximum use of the Na- 
tion’s free enterprise system. 

2. Eliminate Government competition with private industry. 

3. Examine and define the role of Government-owned installations with 
specific attention to effecting transfer of functions to privately owned instal- 
lations wherever feasible as intended by the Atomic Energy Act of 1954. 

4. Make certain that the Federal Government does not own or operate atomic 
powerplants or other facilities for commercial purposes. 

5. Insist that the Government make public all information as to the full 
financial assistance provided for any commercial atomic program in which it 
participates. 

6. Restore normal patent rights in the field of atomic energy. 

7. Eliminate unnecessary secrecy which hampers the development of private 
industry in the atomic energy field. 


(The following letter is also included as part of the Chamber of 
Commerce statement :) 


Bic CuHrIer DRILLING Co., 


Oklahoma City, Okla., February 8, 1960. 
Mr. Joun A. McCone, 


Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


DeaR Mr. McCone: On behalf of the Chamber of Commerce of the United 
States and its committee on commercial uses of atomic energy, I express our 
appreciation for the opportunity to meet with you and the members of your 
staff on January 27. In addition, I would like to express my personal gratitude 
for your kind consideration in meeting with Mr. Lederman and me on 
January 20. 

It seemed to me that our meeting on January 29 was useful in that it served 
to clarify the committee’s view and the Commission’s attitude and philosophy 
on the proper roles of Government-owned installations and private facilities in 
the atomic energy program. 

I would like to summarize key points which were discussed : 

1. The U.S. Chamber of Commerce does not wish the closure of Government 
laboratories but rather urges the transfer out of the laboratories of work which 
can be done with reasonable efficiency in privately owned facilities so that the 
laboratories may concentrate on their proper and all-important function of 
frontier research. 

2. There seems to us to be a need for a clear, written statement of the 
Commission's policy in this area backed by specific instructions of implementa- 
tion to all Government atomic energy installations and an appropriate followup. 
This we would hope could result in more uniform application of the Commis- 
Sion’s policy which in turn will be of great help to a young industry trying to 
plan its future. We look forward to receiving a copy of the staff report you 
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mentioned in the course of our conversation which will review accomplishments 
up to date. 

3. Your invitation to set up a task force of our committee on commercial uses of 
atomic energy to spell out our suggestions along these lines is appreciated. We 
are currently forming such a group. 

We applaud the AEC for its many efforts to make greater use of existing indus- 
trial capacity and technical skills. Our sole purpose is to aid the Commission and 
industry generally to further the progress already made. 

Thank you again for the opportunity to meet with you. We look forward to 
continued friendly and constructive relations between the Commission and the 
chamber. 

Sincerely yours, 
JACK H. ABERNATHY, 
Chairman, Committee on Commercial Uses of Atomic Energy, 
Chamber of Commerce of the United States. 


CrTres SERVICE OIL Co., 
New York, N.Y., February 18, 1959. 
Hon. CLINTON P. ANDERSON, 
The U.S. Senate, 
Washington, D.C. 

Dear Sir: This will acknowledge your letter of January 27, inviting me 
to testify before the Joint Committee on Atomic Energy. The only subject 
listed on page 2 of your letter on which I feel qualified to comment is item (3), 
namely, the Government’s program for nuclear maritime propulsion. As I 
shall be in Europe on the dates you mention for the hearings, I thought it best 
to reply to you by letter. 

Over the past 3 years, we at Cities Service have been making a thoroug 
study of the possibility of using atomic energy as a fuel aboard large tankers. 
In our studies, we have collaborated with many companies who are engaged in 
studying the atomic energy program and/or supplying hardware for the 
industry. 

The operation of submarines with atomic power by the Navy has proved the 
feasibility of using the medium for propulsion of ships. In the case of the 
Navy, the ability to perform feats which would be impossible using conven- 
tional fuels amply justifies the extra cost incurred. We heartily agree that 
the Navy is to be highly congratulated on their success in these matters. 

However, in the case of a surface ship carrying petroleum or dry cargo, 
no one has as yet envisioned using the medium to accomplish anything except 
to replace the present conventional methods of propulsion using fuel oil or 
diesel oil for fuel. We do not see how the use of atomic energy would be a 
superior method of doing this; therefore, if it is to be attractive to a ship- 
owner, it must be a cheaper way of doing it. 

While the Savannah will amply demonstrate the feasibility of using atomic 
power as a propulsion medium for a ship, the next step in the program is to 
develop a vessel which will do this competitively. We believe that once a com- 
petitive or nearly competitive system has been devised, industry can and will 
carry the ball from there on. 

However, the cost of performing research and development work in the atomic 
energy field is so large that, in our opinion, only the Government can provide 
the funds necessary to keep the state of the art in the United States ahead of, 
or at least on the same level, as our foreign competitors. In these countries, 
of course, the government supplies the bulk of the necessary funds. It seems 
to us that if the proper funds and individuals are assigned to this ship project, 
it will be possible to realize our goals. 

We are of the opinion that over the near term period the major effort as far 
as a ship reactor is concerned should be expended in trying to develop a com- 
petitive or nearly competitive system. This will eventually lead to the con- 
struction of a vessel by the Government to demonstrate the feasibility of the 
system developed. 

In conclusion, therefore, we are of the opinion that only if our Government 
will bear the cost of the necessary research and development along the lines 
outlined above, will it be possible to develop a suitable reactor for competitive 
surface ship operation in this country. 

Very truly yours, 
BH. G. MAppock. 
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COMMONWEALTH ASSOCIATES, INC., 
Jackson, Mich., February 11, 1960. 
The Honorable CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


My Dear Mr. ANpverRSON: Your letter of January 20 inviting our testimony 
before the Joint Committee on its section 202 hearing is very much appreciated. 

Engineers of our Commonwealth Associates, Inc., organization have been 
actively engaged in the nuclear power program since 1954. At the present time, 
we are completing the detailed engineering designs for the Enrico Fermi Atomic 
Power Plant at Lagoona, Mich., and for certain thermonuclear research facilities 
of the James Forrestal Research Center at Princeton, N.J. 

We feel that the nuclear power program should include some provision for 
further development and experience of the many engineers, scientists, and tech- 
nicians who have acquired much knowledge and experience under present pro- 
grams. Their efforts should continue in this field to forestall loss of their 
talents and any consequent slowing down a few years hence of the program for 
development of economic nuclear power. 

A new technological field has been created as a result of AEC’s invitations 
to the power industry to participate in research and development of nuclear 
power. A large corps of people having management, engineering, and crafts- 
manship skills unknown in prior decades has been organized and trained. This 
valuable group of knowledgeable people will need to maintain and further de- 
velop their techniques and skills if the technical gains of the 1950’s are to con- 
tinue on during the 1960's. Without a progressive program these personnel will 
rapidly disseminate into other fields of endeavor and their nuclear skills and 
techniques may be lost because of their inactivity in the nuclear power field. 

There appears to be a tendency at this time to wait for operating experience 
on plants now in operation or nearing completion before proceeding with the 
development of a new group of plants to extend the technological development 
of nuclear power. While the practice of digesting one stage of development is 
indicated in some areas of engineering design, it should be recognized that ad- 
vancements of the art have already occurred in the research, design, and con- 
struction of plants now underway or recently completed, even though some char- 
acteristics, capabilities, and limitations cannot be fully explored until an exten- 
sive program of testing and operation has been completed. For the next pro- 
gram of design, construction, and operation of large plants, significant departures 
from limitations imposed during design of the first demonstration units seem to 
us to be justified even before some of these plants are in operation. Such de 
partures should result in considerable reduction in plant investment per unit of 
power capability and in fuel-cycle costs per unit of power generated. To illus- 
trate this point, it is only necessary to observe the new interest in nuclear super- 
heating for water and organic moderated reactors and the conseiderations being 
given toward increasing the power density and extending the fuel life of newer 
plants beyond those of earlier designs. Operating present units within their 
design limitations may not help sufficiently to obtain all the data needed con- 
cerning many possible engineering advancements but, nevertheless, will serve to 
train new groups of people in operation and maintenance skills and, through the 
sale of kilowatt-hours, will provide a partial return of money invested in the 
demonstration program. 

To await considerable operating experience before undertaking engineering 
design advances does not appear to be profitable because of the large potential 
future savings of nuclear power through utilization of advanced technology 
already evident. Most observers would agree that in the high fuel cost areas of 
the United States which need large blocks of power, savings of as much as 1 mill 
per kilowatt-hour should be possible with nuclear heat sources within a decade 
if design and operational development proceeds in an aggressive and orderly 
fashion. 

It would seem reasonable to expect that by the end of this new decade the 
Nation’s energy requirements will again have increased to something in the 
order of double that now required. The constantly rising costs of fossil fuels 
make the potential savings through the generation of only 5 to 10 percent 
of the huge energy requirements of the 1970's by nuclear powerplants very 
substantial indeed. Such an expected savings in dollar costs of power genera- 
tion at that time would seem to justify a substantial expenditure for additional 
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full-scale developmental plants during the next 10 years to achieve so desirable 
a goal for the succeeding decade. 

We conclude that notwithstanding certain present uneconomic aspects of nu- 
clear power, design advancements should continue at full speed in benetits of 
such savings are to be realized at the earliest possible time. At the same time, 
and the skills of the engineers, scientists, and craftsmen necessary for such 
a program must be developed rapidly if such a desirable program is to be car- 
ried out on an optimum schedule. 

We venture to offer a few comments on the economics of certain nuclear 
power reactor types that are much in the limelight today. Recent research 
studies indicate that the slightly enriched water-moderated and the organic- 
moderated reactors may be desirable for development in the immediate future, 
and we concur with such thinking. However, our experience with the design 
of the liquid-cooled fast neutron reactor indicates that this type of reactor 
probably should be receiving greater attention. The expressions from a num- 
ber of sources indicating that this reactor is of interest only for the distant 
future do not seem to be entirely realistic. In our opinion, the economic po- 
tential of the liquid metal-cooled fast neutron reactor is good indeed. This 
potential stems from some very fundamental engineering concepts being de- 
veloped at this time as follows: 

1. A potential of long fuel life many times greater than that of the slightly 
enriched moderated reactor appears to be possible and may be unique to the 
fast neutron reactor. Fuel cycle costs of something less than 2 mills per kilo- 
watt-hour should be obtainable with this reactor through continuing develop- 
ment and testing during this decade. 

2. It is now evident that irradiated fuel need not be removed from a fast 
neutron reactor to cool down before shipment to a processing facility. The 
spent fuel can be decayed in the outer edges of the core blanket and then 
shipped directly to fuel-processing facilities. This would greatly reduce the 
required fuel-handling facilities and would effect substantial reductions in 
plant costs. 

3. The small physical size of the fast neutron reactor and the heat-transfer 
efficiency of liquid metals used in such reactors should permit use of much 
smaller amounts of shielding and lower volume containment buildings with 
consequent large reductions in investment for such facilities. 

The considerations and factors recited above have led us to the conviction 
that the fuel costs of such plants are potentially less than fossil-fuel costs in 
many areas, and that eventually plant investment costs should not be sub- 
stantially greater than for fossil-fueled plants. It is our opinion that this 
goal may be achieved by 1970 or even before that year if additional full-scale 
designs should be undertaken promptly and construction and testing programs 
proceed without delay. 

It appears to us that the goal of economic nuclear power is now rapidly com- 
ing within the reach of technical feasibility. However, concerted action must 
be maintained for such achievement through the continuing efforts of engineers, 
scientists, and technicians working in the nuclear power field, together with the 
uninterrupted development of engineering designs and the fabrication and test- 
ing of equipment associated with nuclear plants embodying advanced designs. 

Yours very truly, 
J. H. Foore, Chief Engineer. 


CONSOLIDATED Eptson Co. oF New York, INc., 
New York, N.Y., February 23, 1960. 
Hon. CLin Ton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


Dear Mr. CHAIRMAN: This letter is submitted on behalf of Consolidated Edison 
for inclusion in the record of the “Section 202” hearings being held by your 
committee. 

In the notice of the hearings you listed a number of topics to receive special 
attention by the committee. The only one of these subjects of specific interest 
to my company is that of the so-called 10-year program. This plan was first 
outlined by Dr. Frank Pittman at the November 1959 meeting of the Atomic 
Industrial Forum. In general, the plan, as I understand it, provides a reasonable 
framework for concentrating on certain reactor types which show promise of 
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achieving economic power in a relatively short time. While imagination in basic 
research must still be encouraged, it becomes more and more evident that eco- 
nomic power from the atom will be achieved only by painstaking engineering 
effort rather than by some magical breakthrough or by a scattered expenditure 
of money and talent. 

In the case of our own Indian Point plant, to be located in Westchester County, 
N.Y., the complexities of design now appear to be solved. Last year, we men- 
tioned to you the change in the ‘omposition of the reactor core. The thermal, 
nuclear, and mechanical design of the core is now completed and the final design 
is reflected in recent material filed with the Atomic Energy Commission. Inher- 
ent in this design are certain characteristics which we and the Babcock & Wilcox 
Co., which is to manufacture the core, believe represent a substantial contribution 
to nuclear technology. We have held firmly to our objective of both long reactor 
core life and high power capability. The expected good performance of the core 
results primarily from the use of thorium as a fertile material and from the 
improvement of the power distribution by loading the fuel in a carefully selected 
pattern over the core. We hupe that even better performance can be obtained 
from future cores, with resulting reduction in operating costs. 

Work at the site has proceeded without interruption since our last report to 
the committee. The accelerating rate of field construction is evidenced by the 
fact that over $18 million was expended during the last 3 months of 1959 for 
plant equipment and field installation. The reactor containment vessel has been 
pressure-tested and the external biological shield completed. The erection of 
foundations for the reactor vessel is substantially completed and construction of 
buildings for fuel handling and for waste treatment is underway. The oil-fired 
superheaters have been erected and parts for the main turbogenerator are being 
delivered. 

Functional design of all reactor systems and components has now been com- 
pleted. First steps in the manufacture of the first core have been taken. By 
the middle of May it is expected that all four steam generators, the pressurizer, 
and the reactor vessel will have been received at the plant site. Most research 
and development work has now been finished but some testing work on fuel 
materials, fuel cladding, and sample fuel elements will be continued through 
1960 and part of 1961. 

At the start of 1960 the total expenditures on the plant totaled about 
$50,800,000 for equipment and field construction, and slightly over $10 million for 
research and development. Our estimate of total capital costs remain unchanged 
from those supplied to the committee last year. We expect the plant to be in 
operation by September 1961. This is somewhat later than we had hoped 
because of a delay of several months in the delivery of important nuclear 
equipment. 

As a concrete result of our progress, the Atomic Energy Commission, acting 
upon a recommendation of the Advisory Committee on Reactor Safeguards, gen- 
erally approved last July the “unusually thorough containment” for the reactor 
at the Indian Point plant. In January of this year we submitted to the Commis- 
sion a comprehensive hazards summary report which we hope can be considered 
by the Commission and the Safeguards Committee in the near future. 

An outline of operating instructions for the plant has been prepared. Repre- 
sentatives of Consolidated Edison have had numerous discussions with members 
of the Commission staff regarding training of personnel. Based upon the exper- 
lence of the Commission as well as other factors, it was agreed that the best 
possible experience available for the operators of our reactor would be to make 
them a part of actual operating crews. The MTR and ETR reactors at ARCO 
Seemed best suited for this training since their operations involve numerous 
Startups, shutdowns, and scrams. Eight of our men have already completed 
6 months’ training at ARCO and ten are presently there. Three prospective 
operators have taken training at Shippingport. Others will go to Shippingport 
after their other training. 

All our health physicists, maintenance crews, and chemists have either attended 
an extended course at Shippingport or have studied elsewhere. 

Then men who will be the general superintendent and the assistant general 
superintendent of the plant have both spent 6 weeks in observing and participat- 
ing in operations at the General Electric Vallecitos boiling water reactor. They 
will also be trained at Shippingport. 

We are, of course, still concerned with the costs and methods of reprocessing 
material after its use in our plant. In partnership with four other companies we 
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have made a study contract with Davison Chemical Co. to examine the technical 
and economic feasibility of constructing a private facility to reprocess spent 
nuclear fuels. We are also considering making arrangements to have an outside 
concern handle the transportation of the spent fuel from our plant to a reprocess- 
ing site. The effort to date by the utility and equipment manufacturing seg- 
ments of industry must at some point be paralleled by efforts by the chemical 
industry to solve the serious problems of waste disposal. 

From the long-term standpoint we believe that the public has much to gain 
from our endeavor. As the urbanization of the United States continues, it will 
become increasingly advantageous for a powerplant to be placed safely close 
to the load it serves without polluting the air. Atomic powerplants can surely 
satisfy this requirement. 

Respectfully yours, 
J. F. FAIRMAN, 
Senior Vice President. 


STATEMENT BY R. L. ScHACHT, GENERAL MANAGER OF CONSUMERS PUBLIC POWER 
DISTRICT 


I am pleased to have the opportunity to, once again, review the participation 
of Consumers Public Power District in the Commission’s power reactor demon- 
stration program. As you know, our activities are centered on the construc- 
tion and operation of a sodium graphite reactor at the Hallam nuclear power 
facility. This program was reviewed with you in our last communication to 
the Subcommittee on Legislation of the Joint Committee on March 11, 1959, 
Inasmuch as the background of our organization and our progress up to March 
of 1959 is a matter of record of this committee, I will confine my statement to 
the progress which has been made since that time. 

Under the terms of our contract with AEC, we are to provide an operable 
turbine generator and the associated conventional equipment required for pow- 
er production, using steam produced by the nuclear facility. In this program 
Consumers district has the reactor operating responsibility rather than to simply 
purchase steam from a reactor owned by and operated for the Commission. 


CONVENTIONAL EQUIPMENT 


Major on-site construction work on the conventional equipment started in 
April 1959 with the installation of the rail siding and other site-supporting 
activities. At the present time, the substructure concrete and underground pip 
ing have been completed. The structural steel erection is 95 percent com- 
plete and the major portion of the conventional building siding is in place. 
Early closure of the building has permitted a continuous construction effort 
during the winter months. The turbine generator equipment is in the building 
and being placed. A conventional boiler is being installed by Consumers s0 
that it may be used to provide a firm power supply prior to completion of the 
reactor and during test operation of the reactor. Construction of the boiler is 
also in progress. 

All major equipment is on order and the general mechanical and the general 
electrical contracts have been let and their forces are on the site. 

Construction of the conventional facilities continues to progress on schedule 
with the only contract yet to be let being the painting contract. The con- 
ventional facility contracts represent a commitment of approximately $22 million 
for this portion of the plant being supplied by Consumers. These conventional 
facilities will be ready for operation in April of 1961. 


REACTOR EQUIPMENT 


nrc 


Consumers has also committed slightly more than $4,500,000 for the con- 
struction of certain nuclear facilities which represents 27 percent of all funds 


committed up to January 1, 1960, for the nuclear facility construction. 

At the present time the reactor substructures are essentially complete and 
the internal concrete walls and shielding is being placed. The majority of 
structural steel has been erected and the reactor building siding installation 
was started within the last few days. 

Atomics International has the overall technical responsibility for the reactor 
and are conducting the research and development necessary to provide the basic 
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information being used in the Hallam engineering and design. Problems asso- 
ciated with the design of this developmental equipment as well as in the design 
of the graphite moderator cans and fuel elements points to the necessity of main- 
taining an active Commission program of sodium component development. Atom- 
ics International is also procuring certain key pieces of equipment for the reactor 
installations, particularly that equipment which makes up the core of the reactor 
and the associated control systems. 

Atomics International has also prepared a reactor hazards report for con- 
sideration of the Advisory Committee on Reactor Safeguards. Supplements 
to the original report are being provided to that committee as rapidly as design 
information is available. There appears to be no major difficulty in this phase 
of the program. 

The Bechtel Corp., as another prime contractor to the AEC, is providing the 
architect-engineering and inspection services for the HNPF. Peter Kiewit 
Sons, Inc., as still another prime contractor to the AEC, is providing the on- 
site construction management for the program. 

That portion of the reactor construction being carried out by the Commission 
is scheduled for completion in time to start criticality tests in late 1961 and 
full power operation by mid-1962. ‘The Commission has the responsibility for 
the reactor construction and we assume that the AEC wil provide the reactor 
status report. Meeting the scheduled completion dates may well hinge on the 
selection and effective management of qualified general mechanical and general 
electrical contractors. The selection of these two contractors will be made in 
the near future. 

OPERATING PERSONNEL TRAINING 


Key personnel of the operating staff have been employed by Consumers and a 
reactor operations training program was started in January of this year. This 
training program will consist of 9 weeks of training in Nebraska followed by 14 
to 20 weeks of training in Los Angeles at Atomics International. The study pro- 
gram in California will be devoted to on-the-the job training on the sodium reac- 
tor experiment and certain other sodium test equipment operated by Atomics In- 
ternational. 

Two additional groups of personnel will be added to the staff within the next 
few months and a similar program of training has been adopted for these op- 
erators. The total personnel compliment will consist of 62 men. 


INSURANCE 


In our contract with the Commission, the Government indemnifies Consumers 
District against nuclear hazards during the operation of the plant. As a result, 
it has not been necessary for Consumers to obtain any nuclear hazard insurance 
from the private insurance industry. One unexpected development has arisen in 
obtaining conventional plant insurance. As the construction progressed we 
obtained the normal coverage of builders’ risk from private insurance carriers. 
The amount of this kind of insurance was then increased as the construction 
progressed and the insurable values continued to increase. We have recently been 
advised that even though there are no nuclear hazards involved in such coverage 
either during construction or operation, standard insurance will no longer be 
available to us through our usual insurance carriers. Instead, this insurance must 
now be written through the Nuclear Energy Property Insurance Association 
which has been formed as a pool for underwriting nuclear hazards. Preliminary 
discussions with NEPIA have indicated that this coverage will be written with- 
out a premium penalty as compared with normal insurance underwriters. If 
this is actually the case, we favor this kind of relationship with NEPIA inas- 
much as through it we will benefit by their experience and, in turn, they will be 
able to become familiar with the sodium reactor technology. 

As of this time we have not explored this same situation in the field of liability 
coverages for the conventional plant operation. Since public liability insurance 
how specifically includes all nuclear risks, we do not anticipate any difficulty 
in this regard. 

AEC RELATIONSHIP 


In carrying out this joint construction and operation effort, there have been 
instances of differences of opinion between Consumers District and the Commis- 
sion staff as to the responsibilities and methods of operation of the participants. 
These differences are undoubtedly common to any project of this magnitude. 
In every case, the Commission staff has been willing to discuss these problems and 
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dispatch them as promptly as possible. With continued cooperation by the Com- 
mission, we believe our contracting arrangement provides an acceptable method 
of participation in the power reactor demonstration program. 


STATEMENT OF D. C. Brunton, PH. D., MANAGER, NUCLEAR RADIATION DEPART- 
MENT, CURTISS-WRIGHT CORP. 


THE NEED FOR COBALT 60 RADIATION FACILITIES 


As manager of the nuclear radiation department for the Curtiss-Wright Corp., 
I am concerned with building a business operation based on the application of 
large-scale use of nuclear radiation. We are not manufacturers of either radio- 
active sources or electron beam machines. We are suppliers of radioactive source 
handling equipment and services and design engineers for radiation applications, 
radiation shielding, and radiation cells. 

I am concerned with the lack of adequate experimental radiation facilities 
throughout the country which will permit an aggressive attack on radiation 
applications for food preservation, for medical supplies sterilization, and for 
the development of new products through radiation chemistry. To be more 
specific, I am particularly concerned with the lack of adequate cobalt 60 radia- 
tion facilities. I have noted with alarm the assertions by electron beam machine 
manufacturers (refer in particular to the letters to Nucleonics magazine in 
their issues of June and September 1959) of the superiority of electron machines 
and of their alleged more favorable economics. 

Let me attempt to set the record straight by presenting a technical compari- 
son between machines and isotopes. 

The most important factor in any comparison of isotopic and machine pro- 
duced radiation is to realize that the two differ substantially and in most 
applications are not readily interchangeable. 

Machines produce beams of electrons and cobalt 60 produces gamma rays. The 
gamma rays are very penetrating and may be used on material many inches 
thick. Electrons are not penetrating radiation unless of very high energy. 
They are limited to a little over one-tenth of 1 inch peneration per million 
volts of machine energy. 

Electron beam radiations of relatively low energy (a few million electron 
volts are and likely will continue to be a cheaper form of radiation than gamma 
rays from cobalt 60. As such, they are ideal for irradiation of material in the 
form of thin films. They are not suitable, however, for bulk or packaged mate 
rial irradiation. As the machine energy is increased to 20 or 25 million volts, 
an electron beam attains a penetration equivalent to cobalt 60 gamma rays. 
This increase in energy brings with it, however, certain disadvantages : 

1. Induced radioactivity. 

2. Increased cost. 

3. Increased radiation shielding problems. 

Although the theoretical threshold for production of induced radioactivity 
by electrons or gamma rays occurs at an energy of 2.2 million volts, no appreciable 
induced activity appears below about 5 million volts. Furthermore, it should 
be noted that most of these induced activities are quite short lived and will 
disappear if the product is allowed to stand for a reasonable period of time 
before consumption. However, under the present food and drug laws, in par- 
ticular, according to the Delaney food amendment, radioactivity is considered 
earcinogeniec and no induced radioactivity is permissible in any food product. 
This may well be interpreted to mean no measurable amounts of induced activity 
will be allowed and in such a case, electron machines below 5 million electron 
volts may be permitted as sources of radiation. But under the present law no 
electron beam machines will be permitted above approximately 5 million volts. 
Even should the food additive law be amended, high-energy machines face the 
major psychological barrier in that they must prove to the consumer that 
although they will induce radioactivity in the food, they will not do so to a 
harmful degree. 

The second important disadvantage of high voltage electron machines is that 
they no longer assure low-cost energy production. The electron beam machine 
becomes a much more complicated product when it is required to operate around 
20 million volts than it is at 2 million volts. This kind of machine is no longer 
a cheaper producer of radiation than cobalt 60 and there is no clear indication 
that it will become a cheaper producer of radiation in the future. 
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The third disadvantage of increasing energy of electron beam machines is the 
shielding problem. Although the electron beam is in itself essentially low pene- 
tration radiation, the electrons when striking any material will generate second- 
ary X-rays which in turn are penetrating radiation. With most shielding mate- 
rials, particularly with concrete, the penetrating ability of this radiation reaches 
a maximum in the range 5 to 10 million volts and consequently a 20-million-volt 
machine will produce a broad X-ray spectrum including substantial emission in 
the 5- to 10-million-volt region. Consequently the radiation safety shielding prob- 
1em of such an installation is more severe than that with cobalt 60. 

The fact that a percentage of high-speed electrons are converted to gamma 
rays when the electron beam strikes material has led to repeated suggestions 
that electron beam machines be used as X-ray or gamma ray generators. This 
principle is in fact used in betatron machines, used as very high energy X-ray 
machines for industrial radiography purposes. These machines use energies of 
30 to 50 million volts. Such high energies are, in fact, less penetrating than 5- to 
10-million-volt X-rays as indicated above, but the high energies are used to attain 
a reasonable efficiency of conversion from electron beam to X-ray beam. When 
considered for radiation processing work, however, this technique is not attrac- 
tive. The low energy electron beam machines which can provide low cost radia- 
tion energy in the form of electrons have very low efficiency, only a few percent 
in conversion from the electron beam to X-rays, and consequently, as an X-ray 
generator these machines are considerably more costly radiation sources than 
cobalt 60. If one increases the energy high enough for efficient conversion, one 
already has a penetrating beam as an electron beam alone and all the attendant 
problems outlined above. 

Cost comparisons between electron machines and isotope sources can be most 
misleading. The most important figure is the overall operating cost per unit 
of production. Frequently capital costs, which often favor electron machines, 
are the only figures given. The actual processing costs may tell an entirely 
different story. Industries interested in process radiation choose the radiation 
source best suited to their needs. Although the first commercial sterilizing unit 
in operation anywhere in the world is an electron beam machine, the first steriliz- 
ing installation requiring really penetrating radiation uses cobalt 60. The former 
is by Ethicon Corp. of New Jersey and the materials irradiated are sutures in 
relatively thin packages while the latter is by Westminster Carpets of Melbourne, 
Australia, and is used to destroy anthrax in bulk material. Also it is worth- 
while noting that pharmaceutical products sterilized with cobalt 60 radiation are 
currently marketed in the United Kingdom by Wm. Warne & Co. 

In my opinion, cobalt 60 is the ideal source for process radiation installations. 
It is simple and foolproof, it cannot fail and does not require high-priced tech- 
nical talent to maintain in operation. These factors are important in any such 
installation. They are particularly important in considering process radiation 
installations in establishments which are themselves not primarily atomic energy 
centers, or electronic research centers. 

Unfortunately, the existing cobalt 60 facilities in this country are very limited 
and for the most part, are small sources suitable for fundamental research prob- 
lems on small samples. There are no adequate facilities which will provide a 
reasonable basis for demonstration and experimental testing of radiation proc- 
essing. There are no adequate cobalt 60 facilities for implementation of an 
experimental food program which could process experimental or pilot plant quan- 
tities of food under the very conditions that such experiments will demand. I 
respectfully recommend that the Joint Committee on Atomic Energy encourage 
the provision of adequate cobalt 60 facilities for a vigorous program of radiation 
process development. This will require certain fixed cobalt 60 research irradia- 
tion at selected site and mobile units capable of experimental radiation proc- 
essing on a variety of products at different locations. 


STATEMENT SUBMITTED BY CHARLES R. LANDRIGAN, EXECUTIVE VICE PRESIDENT, 
THE Detroit Epison Co. 


The Detroit Edison Co., a New York corporation, has as its principal business 
the supply of electric power to approximately 1,250,000 customers residing in 
7,600 square miles of southeastern Michigan. The company’s sales to those 
cutsomers during the calendar year 1959 totaled 13.2 billion kilowatt-hours. 








500 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


The company is pleased to submit this statement concerning the nonnuclear 
facilities of the Enrico Fermi Atomic Power Plant for inclusion in the records 
of the hearings conducted during February 1960 by the Joint Committee on 


' 
; 
Atomic Energy in accordance with section 202 of the Atomic Energy Act of 1954. I 
The nuclear facilities of this plant, as reported in previous hearings, are e 
being built and will be owned and operated by Power Reactor Development Co. f 
(PRDC), and a separate report concerning that part of the plant is being sub- Vv 
mitted by that company. In accordance with agreements between the Detroit | a 
Edison Co. and PRDC, Detroit Edison is building and will own and operate 
the conventional steam turbine generator facilities adjacent to the nuclear Nn 
reactor. Edison will purchase from PRDC the steam produced by the nuclear’ | ~ 
facilities, will utilize the steam in its turbine generator for the production of | 
electric power, and will distribute the power in its existing power system. h 


In accordance with the company’s longstanding practice of performing its own 
engineering and design services, Detroit Edison is doing the engineering and 
detailed design of the Fermi plant nonnuclear facilities. The design work is 
essentially complete, orders for all equipment have been placed with appropriate 
vendors, and all major contracts for construction of buildings and the erection 
of equipment have been negotiated. E 

Construction of the Detroit Edison Co.’s portion of the plant has been underway ’ 
at the site since August 1956. The construction schedule for the Edison-owned 
nonnuclear facilities is carefully coordinated with the PRDC schedule for the 


—- 


nuclear facilities. It is now expected that construction of both the nuclear and : 
nonnuclear sections of the plant will be essentially complete by the end of s 
September 1960. Actual nuclear operation of the reactor is dependent upon el 
the procurement by PRDC of a license to operate. be 

W 


SITE AND SITE DEVELOPMENT 


Last year we reported that site development was essentially complete except 
for (1) the condensing water intake canal and (2) cleanup operations after 
construction work is completed. The condensing water canal and intake struc- 
ture are now complete except for the installation of the circulating pump. N 
Cleanup and grading will be done during the latter part of 1960. 


BUILDINGS AND EQUIPMENT 


fu 
The steam turbine generator building is essentially complete except for finished CO 
floors and the closure of a section of the siding required to permit the installation de 
of the condenser tubes. th 
A large part of the piping and mechanical and electrical equipment is now at 
the site and is being installed. The remaining equipment is scheduled for deliv- pr 
ery to the site in accordance with the planned construction schedule. th 
The steam turbine-generator, with a gross capacity of 156,000 kilowatts of SO 
electricity, is being manufactured by the Allis-Chalmers Manufacturing Co. of co 
Milwaukee, Wis. The generating unit is scheduled for delivery to the site in 
May and June. An erection schedule is now being developed to provide for Es 
completion by September 30. of 
As reported in previous hearings, the initial rated capacity of the Fermi | Gs 
plant is 100,000 kilowatts of electricity. The larger turbine generator was Le 
selected to accommodate a possible increase in overall reactor capacity as ex- Co 
perience is gained. : M. 
El 
SWITCHING STATION AND TRANSMISSION LINES 
The 120-kilovolt switching station at the plant site is 75 percent complete - 
and the two 120-kilovolt transmission lines to our existing power system have | = an 
been built. One of these transmission lines and the switching station have | th: 
been energized at 24 kilovolts and are being used to supply power for construc- 
tion and nonnuclear test purposes. ex] 
po’ 
COST OF NONNUCLEAR FACILITIES fue 
We reported last year that the estimated cost of the nonnuclear facilities wa 
for the Fermi plant was $17 million. With essentially all equipment and ma- | - 
terials now purchased, and all construction and erection contracts negotiated | re 


on a fixed price basis, the estimated cost remains unchanged at $17 million. | the 
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ATOMIC INFORMATION PROGRAM 


Last year we reported that our company was engaged in extensive infor- 
mational and educational programs to improve public understanding of atomic 
energy and to encourage young people to enter this field. In the 12 months 
from February 1, 1959, through January 31, 1960, more than 30,000 people 
visited the Enrico Fermi Atomic Powerplant site and were received at our 
atomie information center. 

Qualified speakers, representing our company, addressed approximately 150 
meetings of technical societies, schools, churches, service clubs, neighborhood 
groups, and others. 

It is gratifying to us to have the broad public interest in atomic energy remain 
high. We believe we are successfully meeting that interest. 





EMPIRE STATE UTILITIES PowEeR RESOURCES ASSOCIATES, 


February 1, 1960. 
Mr. JaMes T. RAMEY, 


Executive Director, Joint Committee on Atomic Energy, Room F-88, Capitol 
Building, Washington, D.C. 


DeaR Mr. RaMeEy: I am sending you herewith six copies of a press release 
that was made recently in connection with the establishment of the Empire 
State Utilities Power Resources Associates (ESUPRA) by the seven major 
electric utilities of the State of New York. We think this information should 
be of interest to the members of the Joint Committee, and perhaps you may 
wish to incorporate this information in the record of the 202 hearings. 

If there is any further information you would like to have regarding ESUPRA, 
I would be very glad to supply it. 

Sincerely yours, 
ALEXANDER M. BEEBEE, Evecutive Director. 


New York State UTILITIES ForM Power Resources Group—To CoMPLETE STATE 
PoWER Poot Grip SYSTEM AND To DEVELOP AN ATOMIC POWER PROGRAM 


Realizing that future progress in New York State demands reliable and plenti- 
ful power at the lowest possible cost for all who want it, the principal electrical 
companies, who serve substantially all of New York State, and whose future 
depends on that progress, have formed an organization to broaden and strengthen 
their efforts in that direction. 

The principal objectives of the new group is to develop a sound atomic power 
program, and to integrate and strengthen the existing power pool facilities 
throughout the State. The group is called Empire State Utilities Power Re 
sources Associates (ESUPRA), with each of the chief officers of the participating 
companies as members. 

The seven companies involved, and the members of the executive committee of 
ESUPRA are Charles Eble, of Consolidated Edison of New York: Earle Machold, 
of Niagara Mohawk Power Corp.: Joseph Bell, of New York State Electric & 
Gas Corp.; R. E. Ginna, of Rochester Gas & Electric Corp.; E. W. Doebler, of 
Long Island Lighting Co.; Ernest Acker, of Central Hudson Gas & Electrie 
Corp.; and Charles Bulswit, of the Orange & Rockland Utilities, Inc. Alexander 
M. Beebee, former president and chairman of the board of Rochester Gas & 
Electric Corp., has been appointed executive director. 

The utilities of New York State realize that to achieve maximum efficiency 
under modern conditions new concepts may be justified. The economy of 
recently designed very large plants, the advances in electrical transmission 
and new forms of generating power (including atomic power) are all factors 
that must ge carefully analyzed if the maximum of economy is to result. 

Two primary tasks are planned, each to be handled by a trained staff of 
experts. One group will study and analyze the recent developments in atomic 
power with the objective of finding a method of generating power from nuclear 
fuels that will enable a saving to be passed on to our consumers. The other group 
will concentrate on the cheapest and most economical means of generating power 
in large plants with maximum efficiency at strategic locations and also will 
attack the problem of coordinating the generating and transmitting facilities of 
the State and neighboring States into a huge power-pool grid, in order to transmit 
that power to all the people of the area in the most efficient manner. 
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Chairman of the power grid program is Howard Harrington, of the Niagara 
Mohawk System at Syracuse. 

Chairman of the atomic power study is Dean of Engineering John R. Dunning, 
of Columbia University, who is a man of great experience in nuclear matters, and 
a recognized authority on the subject. He will be assisted by Sidney M. Stoller 
as vice chairman, formerly vice president of Vitro Corp. of America. The tech- 
nical staffs of the seven participating companies will be used to expedite the 
work. 

The ESUPRA group stated that they realize that while electric power from 
atomic plants in this area at the present time is not economically feasible and 
would not provide any benefits that could be passed on to the consumer ; neverthe- 
less, they feel that progress in the art is so rapid that undoubtedly it may soon 
become a means for generating power that will enable production savings to be 
realized. 

The utilities of New York State and the Nation generally are already intensely 
studying the atomic power problem with plants and programs that are costing 
over a half billion dollars. New York State utilities are already supplying 
some 20 percent of the cost of these efforts with the construction of 3 plants, 
each of different reactor types, which are soon to come into operation: 1 near 
New York City by the Consolidated Edison Co., 1 in Detroit supported by a 
group of 17 companies of which Central Hudson, Long Island Lighting, and 
Rochester Gas & Electric are involved, and a plant near Philadelphia being 
built by a group of 53 utilities among which are Niagara Mohawk, New York 
State Electric & Gas, and Rochester Gas & Electric. 

Other utility atomic power projects throughout the country will also soon be 
coming into operation and since each involves various means for attacking this 
challenging problem, there is much that soon will be learned. Present designs 
of atomic plants are very expensive and soon tend to become technically obsolete 
because of the rapid changes in the art. However, since none of these atomic 
plants now being built, except under very exceptional local conditions, will 
produce power as cheaply as conventional plants, it is important to take advan- 
tage of the experience gained from these efforts if benefits are to result from 
atomic power that can be passed on to the electric customers of this State. 

At the present time New York State will have a surplus of power for the next 
few years as a result of the recently installed St. Lawrence plant and the 
Niagara development to come into operation in 1961. Thus the “ample capacity” 
situation which results will give ESUPRA group time to take advantage of the 
progress in the art of atomic power and thus avoid the wasting of large sums 
om money, by the premature choice of a type of reactor less suitable for the needs. 

Therefore, when the next major electric generating plant in New York State 
is needed, its location, type, and design will have been carefully analyzed and 
prepared. Such a program plan will enable cheaper power to become available to 
the people of New York State at the earliest possible moment. 


FLORIDA POWER Corp., 
St. Petersburg, Fla., March 14, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, Congress of the United States, 
Washington, D.C. 

DeaR SENATOR ANDERSON: My letter of January 29, 1960, indicated that the 
Florida West Coast Nuclear Group (FWCNG) would file a written statement 
for the record of the Joint Committee in connection with the section 102 hear- 
ings for 1960. 

As you will recall, the research and development program for the Florida 
West Coast Nuclear Group project is being conducted by the East Central Nu- 
clear group (ECNG). A statement as to the status of the research and devel- 
opment program is being provided to you by Mr. Philip Sporn, Chairman, Re- 
search and Development Committee, East Central Nuclear Group. The state- 
ment by Mr. Sporn is based on a report which Florida West Coast Nuclear Group 
and East Central Nuclear Group made jointly to the AEC this March. 

Florida West Coast Nuclear Group also wishes to report several other devel- 
opments regarding the Florida project. In September 1959 the selection of a site 
in Polk County, Fla., was announced. In November 1959 Florida West Coast 
Nuclear Group was incorporated in the State of Florida. In December 1959 
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our application for a construction permit and other necessary licenses was filed 
with the AEC. 

The foregoing is a summary of the principal actions undertaken by Florida 
West Coast Nuclear Group over the past year. If additional or more detailed 
information on any of these subjects would be of help to you or your commit- 
tee, we would be pleased to provide it to you or to the staff of the Joint Commit- 
tee on Atomic Energy. 

Sincerely yours, 
W. J. CLapp, President. 


STATEMENT BY GENERAL PUBLIC UTILITIES Corp. 


The purpose of this statement is to supplement information given in a state- 
ment dated February 17, 1959, prepared for the 1959 section 202 hearings and to 
give a progress report on the Saxton hook-on reactor project. 

In May 1959 the General Public Utilities Corp. domestic operating subsidiaries 
formed the Saxton Nuclear Experimental Corp. for the purpose of constructing 
and operating a 20 thermal megawatt power reactor which will be used in carry- 
ing out a 5-year operational type research and development program. This re- 
actor facility will be located at the Saxton steam generating station of the 
Pennsylvania Electrie Co. and will be hooked on to one of the existing 10-mega- 
watt turbine generator units located in this station. The Saxton steam generat- 
ing station is located about three-fourths of a mile north of the Borough of 
Saxton, which is situated in central Pennsylvania about 25 miles north of the 
Pennsylvania Turnpike. 

The corporate charter of this new nonprofit corporation provides for participat- 
ing members in addition to the shareholder members which are the General 
Public Utilities Corp. domestic subsidiaries. The shareholder members are 
Pennsylvania Electric Co., Metropolitan Edison Co., Jersey Central Power & 
Light Co., New Jersey Power & Light Co. The Pennsylvania State University 
has been accepted as a participating member in this project and it is presently 
contemplated that one more university from the State of New Jersey may join 
in the project as a participating member. We believe that participation by 
universities will be in direct keeping with our objective of advancing the art of 
generating electric energy by nuclear means. It will also contribute to the 
universities’ own nuclear research and educational programs. 

On July 27, 1959, the Westinghouse Electric Corp. and the Saxton Nuclear Ex- 
perimental Corp. signed a contract under which Westinghouse will: (1) Design, 
construct, and furnish to Saxton the complete nuclear steam-generating plant, 
together with certain nuclear and nonnuclear supporting facilities (2) furnish 
all fuel requirements for the first 5 years of operation after initial criticality; 
and (8) conduct a substantial preoperational and postconstruction research and 
development program over a period of approximately 7% years, including the 
furnishing of certain equipment and personnel. Saxton will pay Westinghouse 
the fixed sum of $6,250,000 as the full contract price for the reactor, plant equip- 
ment, fuel fabrication costs, materials, and services to be supplied by Westing- 
house pursuant to this contract. Westinghouse has also agreed to assume finan- 
cial responsibility for all special nuclear material needed for the 5-year period 
of operation as required by AEC regulations, and to pay directly to AEC all 
AEC charges in connection with such materials. In addition to the payment to 
Westinghouse of $6,250,000, Saxton will bear the cost of certain modifications 
and additions to existing conventional facilities at the Saxton steam generating 
Station and will furnish certain other items and services during the design and 
construction phases of the project. Saxton will also bear the cost of operating 
the plant, except fuel costs which are to be borne by Westinghouse, during the 
d-year operating period. The total financial requirements of Saxton Nuclear 
Experimental Corp. for the project including provision for contingencies and 
working capital through the period of design, construction and 5 years of opera- 
tion are estimated at $8,520,000. 

The general purpose of the project as set forth in the agreement between West- 
inghouse Electric Corp. and Saxton Nuclear Experimental Corp. is to conduct a 
research and development program over approximately a 74-year period, includ- 
ing 5 years of operation, which will involve operating a small developmental nu- 
Clear reactor under utility company operating conditions with primary emphasis 
on achieving lower nuclear power costs through exploring the possibilities of 
increasing nuclear fuel use efficiencies and economies and lowering future nu- 
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clear powerplant capital costs. It is not anticipated that the reactor plant will 
be an economic producer of steam for the generation of electric power, and the 
reactor plant is conceived of, and will be utilized, as an expendable component 
of this research and development program. 

As pointed out in the prepared statement by the General Public Utilities 
Corp. for the 1959 section 202 hearings, the hookon concept has the immediate 
advantage of reducing total investment by eliminating the need of purchasing 
new electrical generating equipment. Also by limiting the size and scale of the 
investment, it will not be necessary to place emphasis on continuity of opera- 
tion such as would be necessary for a large-scale commercial plant and the 
reactor can be considered as an experimental and expendable plant devoted to 
the development of the art. 

The application to the AEC for construction permit was submitted on July 
24, 1959. The preliminary hazards summary report, which was submitted as 
part of this application, was reviewed by the AEC Advisory Committee on 
Reactor Safeguards on September 10, 1959, and was given a favorable report 
on September 14, 1959. The formal public hearing to review this application 
was held on December 15, 1959, and the hearing examiner’s intermediate deci- 
sion directing the issuance of a construction permit was made on January 21, 
1960. 

The financial commitments of the four GPU operating subsidiaries are con- 
tingent upon their obtaining requisite approvals of the Securities and Exchange 
Commission and the State utility commissions. Applications by the two Penn- 
sylvania subsidiaries. Pennsylvania Electric Co. and Metropolitan Edison Co. 
to the Pennsylvania Public Utility Commission were made on October 2, 1959, 
and approval orders were received from this commission on November 30, 1959. 
A joint application by the two New Jersey subsidiaries, New Jersey Power & 
Light Co. and Jersey Central Power & Light Co., was made to the Board of 
Public Utility Commissioners of New Jersey on October 31, 1959, and public 
hearings to review this application were held on December 4, 1959, and Decem- 
ber 14, 1959; the approval order was received from the commissioners on 
January 8, 1960. 

An application-declaration was filed with the Securities and Exchange Com- 
mission under the Public Utility Holding Company Act of 1935. It is the gen- 
eral practice of that Commission to defer action on matters which also require 
State commission action until after the State commissions have acted. The 
Securities and Exchange Commission has been furnished with copies of the 
New Jersey and Pennsylvania commissions’ orders and we anticipate action 
by the Securities and Exchange Commission at an early date. 

Westinghouse Electric Corp. has employed the engineering firm of Gilbert 
Associates, Ine., of Reading, Pa., to do the architect-engineering work and to 
supervise construction. Since the signing of the agreement in July, the plant 
design has been developed to the point that orders have been placed for some 
of the long leadtime components such as the reactor vessel, steam generator, 
and vapor container. Excavation for the vapor container is scheduled to start 
early in February. The estimated construction time from the date of signing 
of the contract is 830 months and the earliest estimated date for criticality is 
December 1, 1961. 

We believe that this project which is a cooperative effort involving the 
General Public Utilities Corp. domestic subsidiaries, Westinghouse Electri¢ 
Corp., and Gilbert Associates, Inc., will make a valuable contribution toward 
improving the economics of nuclear energy for commercial power generation. 


Forp INSTRUMENT Co., 
DIVISION OF SPERRY RAND CoRP., 
Long Island City, N.Y., April 13, 1960. 
Mr. GeorGE F. Murphy, Jr., 
Congress of the United States, 
Joint Committee on Atomic Energy, 
Washington, D.C. ’ 


DEAR Mr. Murpny: I regret exceedingly the delay in forwarding our written 
statement to you. I sincerely hope it has not inconvenienced you in any way. 

The enclosed statements represent the joint position of Isbrandtsen Co., Ince, 
Maryland Shipbuilding & Drydock Co., and Ford Instrument Co., for the 202 
hearings. 
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If there is any further information I can supply, please do not hesitate to get 
in touch with us. 


Yours very truly, 


THEODORE JARVIS, 
Manager, Nuclear Development Division. 


TESTIMONY BEFORE JOINT CONGRESSIONAL ATOMIC ENERGY COMMITTEE, 1960 


I. HISTORY OF PROJECT 


Isbrandtsen Co., Inc., Maryland Shipbuilding & Drydock Co., and Ford Instru- 
ment Co. joined in the summer of 1958 to study the application of nuclear power 
to merchant ships. After extensive study, the group decided that an extremely 
promising course of action would be to install a gas-steam reactor in a vessel 
such as the 8.8. Hans Isbrandtsen, a modern tanker, for the production of super- 
heated steam for the vessel’s existing steam turbines. A novel concept for the 
installation of the reactor was worked out. This concept involves building the 
reactor and a steam generator into a special section of the ship’s hull, perform- 
ing complete tests in a remote location, and then installing the tested reactor in 
its hull section in the 8.S. Hans Isbrandtsen, while keeping the remainder of the 
power machinery intact. This concept and some of its characteristics were 
presented at the testimony given by Mr. Charles S. Rockwell of the Ford Instru- 
ment Co. before the Joint Committee on February 19, 1959. 


II. RESULTS ACHIEVED SINCE LAST TESTIMONY 


Much work has been accomplished on the design of nuclearized S.S. Hans 
Isbrandtsen since we spoke last at the Joint Committee 202 hearings. This 
progress has been in the area firstly of the determination of the technical feasi- 
bility of construction and testing of a gas-steam reactor in a hull section of a 
ship. This work has been carried on with both company and Maritime Admin- 
istration support. The results achieved have been quite encouraging—they 
indicate that the reactor in its hull section becomes a readily movable vehicle 
which can be transported to its isolated test site without undue problems and 
that a relatively simple and inexpensive test site will be adequate for carrying 
out all significant nuclear and power plant tests ranging from initial critical 
testing through full power operation. This becomes an extremely economical 
technique for test and operation of new types of nuclear powerplants in merchant 
ships. 

A study also has been made of the economics of the operation of a converted 
S.S. Hans Isbrandtsen. This work indicates that the Isbrandtsen after con- 
version will have greater cargo oil capacity than she did before conversion. 
This increase in capacity occurs despite the retention of the present boilers 
and sufficient fuel oil to achieve take-home power under any possible emergency 
resulting at sea. Because this same ship has accumulated a substantial amount 
of operating experience with its present oil-fired boilers, we have a unique op- 
portunity for the direct comparison of the economics of nuclear power operation 
with conventional operation. 

The first core loading of the S.S. Hans Isbrandtsen will not be competitive with 
oil power in view of the necessary development costs and higher initial fabrica- 
tion costs. But we can expect the fuel costs to go down as subsequent cores are 
installed. The operating Hans Isbrandtsen should be competitive with oil fuel 
by its second core if credit is taken for the additional cargo oil which can be 
carried. Based upon an equivalence in operating costs, that is, in mills-per- 
shaft-horsepower-hour, nuclear fuel will be competitive by the third or fourth 
core, 

III. ROLE OF THE GAS-STEAM REACTOR IN THE U.S. MERCHANT MARINE 


Another important achievement in the period since our testimony last year 
has been the proper assessment of the gas-steam reactor concept in the overall 
context of the development of a nuclear merchant marine. Our conclusions 
are two: firstly, that the gas-steam reactor concept occupies a middle role in 
development time—somewhere between the shorter development period required 
for aqueous systems (boiling water and pressurized water reactor powerplants) 
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and longer lead systems, such as the MGCR reactor program with its high-tem- 
perature reactor and closed-cycle gas turbine. Secondly, we have concluded that 
the gas-steam reactor concept has an important future course of development 
in the merchant marine with long-range objectives independent of other marine 
reactor systems. 

The gas-steam reactor concept offers certain important technical and economic 
advantages. These are as follows: 

(1) Low fuel and capital equipment cost; 

(2) High thermal efficiency ; 

(3) Simple reactor primary loop with a minimum of complex machinery; 

(4) Conservative technology used throughout nuclear reactor and primary 
loop equipment (all other equipment is standard shipboard gear) ; 

(5) No radioactive waste under normal operating conditions ; 

(6) Good reactor transient performance under conditions of startup, maneuver- 
ing, and shutdown; and 

(7) Low stored energy in the reactor coolant with consequent reduction of 
reactor containment problem. 

The reactor itself can be considered as the most conservative of all of the ad- 
vanced gas-cooled reactor systems produced to date. We have taken advantage 
of the fact that steam pressures and temperatures used in modern land-based 
power-generating plants are higher than those currently employed in the modern 
merchant ships. Thus, the helium-gas temperature needed to produce super- 
heated steam for a modern marine propulsion plant is substantially lower (100°- 
300° F. less) than the reactor coolant gas temperature required for stationary 
powerplants currently under development, for example, in the advanced gas- 
cooled reactor project, in the high temperature gas-cooled reactor project by 
the United Kingdom, and the United States in the Oak Ridge, Philadelphia 
Electric, and Carolinas-Virginia power reactor developments. 

In the future, lighter and more efficient powerplants can be developed than 
the one we propose for the conversion of the Hans Isbrandtsen. When the marine 
industry uses powerplants capable of higher pressures and temperatures and 
more efficient operation, the nuclear reactor will keep pace. The use of ceramic 
fuel elements can be expected to increase operating temperatures while at the 
same time reduce fuel enrichment, as well as fuel fabrication and burnup costs. 


IV. NEED FOR LEGISLATION 


As the foregoing indicates, we have made considerable progress toward our 
objective of converting the SS Hans Isbrandtsen to nuclear power. However, 
as we stated last year, no company or group of companies can afford to carry 
out the entire cost in the research and development, construction and operation 
in projects such as this one. 

During the recent session of the Congress two bills were introduced which had 
the objective of supporting cooperative industry-Government nuclear-powered 
merchant ships. Senator Butler introduced a bill, S. 2336, and a corresponding 
bill was introduced by Congressman Garmatz, H.R. 8425. These two bills 
provide for the amendment of the Merchant Marine Act of 1936 by inserting a 
new title to authorize Government aid in nuclear marine projects. While we feel 
these bills represent a considerable step toward national objectives, the Is 
brandtsen-Maryland-Ford group has no opinions as to whether nuclear marine 
support legislation should be within the jurisdiction of the Joint Congressional 
Atomic Energy Committee or the House Merchant Marine and Fisheries Com- 
mittee or the Senate Interstate and Foreign Commerce Committee. 

We respectfully suggest that if it is the intent of Congress that the American 
merchant marine be converted in some part to useful nuclear propulsion, appro- 
priate hearings on legislation of the sort introduced by Senator Butler and 
Congressman Garmatz are essential. The use of nuclear power appears to us 
to offer a possible means for the American merchant marine to regain some 
measure of the prestige and importance it once had in ocean shipping, and at 
the same time offers a possibility, through more economical operation, for the 
eventual lessening of the enormous subsidy burden which it now imposes on the 
American taxpayer. 
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Tue H. K. Ferauson Co., 
Cleveland, Ohio, April 19, 1960. 
CONGRESS OF THE UNITED STATES, 


Joint Committee on Atomic Energy, U.S. Capitol, Washington, D.C. 
(Attention: Mr. George F. Murphy, Jr.). 


DeAR Mr. Murpny: In response to the Honorable Clinton P. Anderson’s letter 
of January 20 regarding the 202 hearings, we appreciate the opportunity to 
make the following comments on the civilian power reactor program and the 
military reactor programs. 


CIVILIAN POWER REACTOR PROGRAM 


We are in agreement with the objectives of the AEC’s 10-year civilian power 
reactor program. We believe that these objectives can be realized within the 
scope of the comprehensive development program which the AEC has advanced. 

The first objective, “to reduce the cost of nuclear power to levels competitive 
with power from fossil fuels in high energy cost areas of this country within 
10 years,” in our opinion, can be accomplished earlier than predicted by the 
AEC. At the present time there is a substantial design and experience back- 
ground in the proven reactor concepts. Asa result the manufacturers of nuclear 
components have a better understanding of the requirements, problems, and 
capabilities of such plants and are more confident of their ability to predict and 
guarantee performance. This permits plants to be designed closer to actual 
ratings at lower costs without sacrificing reliability or safety. 

It is recommended that more emphasis be placed on nuclear process steam- 
plants in both the low temperature, low pressure, and the high pressure ranges. 
Such plants could contribute significantly to the nuclear technology and to 
operating experience. The present program is geared to saline water conversion 
which is also an experimental program. Results from this program will not 
aid the nuclear industry for several years. 

One of the major factors that may slow down the adoption of nuclear power 
even after its economy has been proven is the public fear of any and all nuclear 
installations. It is recommended that a program be initiated to inform the 
public of the inherent safety of nuclear powerplants and of the many safeguards 


that are required before such a plant can be erected or operated. 


It is further 
suggested that a 


10-20 electrical megawatt nuclear powerplant of the sea 
transportable type be used for demonstration purposes in those areas accessible 
to navigable waters, to graphically show the simplicity and safety of nuclear 
plants in general. Such a plant could be used to make the public more familiar 


with and more ready to accept nuclear powerplants when such plants are 
proposed for their immediate area. 


MILITARY REACTOR PROGRAMS 


The military reactor programs should be accelerated and greater industry 
participation should be encouraged. At the present time there is only a 
limited knowledge in industry of the objectives and needs of the military 
reactor programs. We recommend that the military reactor program be broken 
up into several categories and pursued as follows: 


1, Propulsion systems 


The propulsion systems program is now well defined and should continue. 
2. Reactors for major military bases 


The major military bases not accessible to utility grids require large reliable 
power supplies. Nuclear powerplants of proven design capable of providing the 
minimum baseload requirements should be provided for these bases to free them 
from dependence on fuel supplies in case of national or other emergencies. 


8. Reactors for remote sites 
Reactors should be provided for these sites. In addition to supplying a 


reliable source of power independent of weather conditions such plants would 
release supply personnel and equipment for more vital duties elsewhere. 
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4. Reactors for combat areas 


Reactor powerplants should be developed for use in combat areas. These 
plants should be small and highly mobile, preferably single-package units. Such 
plants would supply the basic power requirements for modern combat equipment 
and would relieve the problem of fuel supply to conventional power generating 
unit. 

Very truly yours, 
Tue H. K. FeEerGuson Co., 
C. M. CANTRELL, 
Director, Nuclear Division. 





U.S. DEPARTMENT OF THE INTERIOR, 
BONNEVILLE POWER ADMINISTRATION, 
Portland, Oreg., January 27, 1960. 
Hon. CLINTON P. ANDERSON, 
U.S. Senate, Washington, D.C. 

DEAR SENATOR ANDERSON: I appreciate your letter of January 20 inviting me 
to testify orally or to submit a written statement to be included in the record of 
the hearings you are preparing to hold on the development, growth, and state 
of the atomic energy industry. 

As a member of the ad hoe advisory committee on reactor policies and pro- 
grams appointed by the Atomic Energy Commission on October 14, 1959, I par- 
ticipated in a detailed review of the report on th civilian power program by the 
Division of Reactor Development, U.S. Atomic Energy Commission, and in the 
preparation of our recommendations to the Commission on this report and on the 
AEC’s 10-year civilian power program. Since I am in substantial agreement 
with the observations and recommendations contained in this report, which was 
submitted in the form of a letter to Mr. McCone dated December 14, 1959, it 
would be repetitious for me to discuss my independent views. I feel that the 
report presents an ambitious and quite adequate program for both the near-term 
and the long-range development of economical nuclear power in the United 
States and in friendly foreign countries. 

Sincerely yours, 
E. C. Starr, Chief Engineer. 


KAISER ENGINEERS, 
DIvISION or HENRY J. KAISER Co., 
Oakland, Calif., February 19, 1960. 

Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 

DEAR SENATOR ANDERSON: In response to your letter of January 20, we are 
pleased to submit our comments for the record on the development, growth, and 
state of the atomic energy industry. 


A. THE AEC’S 10-YEAR CIVILIAN POWER PROGRAM 


In last year’s “202” hearings we expressed the view that the Atomic Energy 
Commission’s program should include reactor experiments and prototype plants 
to develop and improve promising nuclear power reactor types and components 
in lieu of full-scale plants, where the prototypes are large enough to demonstrate 
adequately the operating characteristics of a full-scale operation. We continue 
to hold that belief. 

We further believe that the AEC should continue to support the investigations 
of all practicable reactor types, regardless of the fact that commercial incentive 


may be lacking for some. This support should include, where appropriate, as | 


sistance in financing facilities required in these investigations. 

We believe that the AEC should continue and increase its use of nuclear, pow- 
erplant design studies as a means of selecting appropriate programs to support. 
Such studies should be based not only on established technology, but also on pro 
jected improvements, to determine the economic incentive of striving for sueb 
improvements. Such studies may scream out certain concepts which are inher: 
ently uncompetitive with other reactor types or conventional power, even with 
all possible improvements. This screening may obviate research and develop 
ment, which is much more costly in terms of manpower, time, and funds than 
are engineering design and cost studies. 
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We have reviewed the copy of part 4 of the Atomic Energy Commission’s 
“Civilian Power Reactor Program Study” which was recently forwarded to us 
by Mr. Ramey, and we are essentially in agreement with the objectives presented. 
We believe the AEC has allowed sufficient flexibility in their program to permit 
expansion of their planning to allow for additional reactor concepts that may 
be proposed as promising as time progresses. However, we strongly recommend 
that their new concepts program be limited to the development of reactor types 


on which design studies have indicated distinct economic advantages over the 
more proven reactor types. 


B. MILITARY REACTOR PROGRAMS 


Under contract with the AEC we have recently made certain design and cost 
studies on the application of nuclear power at certain remote defense sites. As 
a result of this work we are convinced that, for certain of these remote military 
sites, nuclear powerplants would be more economical to operate than fossil fuel 
plants. We believe the Government should take advantage of these particular 
situations and should build such nuclear power stations where the operating 
cost is competitive. 

We believe that the erection and operation of any nuclear power facility will 
provide additional industrial know-how, and will lower the cost of nuclear power 
components. Therefore, the construction of these military powerplants, if jus- 
tified in their own right, will contribute to the development of the nuclear 
industry. 

We have no comments with respect to the maritime reactor program as it af- 
fects industry, AEC contract policies as they affect industry, or the industrial 
development and uses of radioisotopes. 

We appreciate this opportunity of expressing our views to your committee. 

Very truly yours, 
KAISER ENGINEERS, 
Davip F. SHaw, Vice President. 


MANUFACTURING CHEMISTS’ ASSOCTATION, INC., 
Washington, D.C., February 25, 1960. 
Hon. CLinton P. ANDERSON, 
Chairman, Joint Congressional Committee on Atomic Energy, Senate Office 
Building, Washington, D.C. 

DEAR Mr. CHAIRMAN: In response to the invitation contained in your letter of 
January 20, 1960, the Manufacturing Chemists’ Association, Inc., wishes to sub- 
mit the enclosed commentary for inclusion in the record of your committee’s 
hearings on the current state of atomic energy development in the Nation. 

The association’s statement deals, in general, with Government competition 
which affects the development of the atomic energy industry. Industry has fa- 
cilities and capabilities to supply materials and services for the specific nuclear 
fuel projects listed in the appendix to the statement. This list was furnished 
to the Atomic Energy Commission and commented upon in the Commission’s 
letter dated February 10, 1960, addressed to the National Association of Manu- 
facturers and the Chamber of Commerce of the United States, in addition to this 
association. It is understood that the Commission’s letter has been made a part 
of the record of your current hearings. 

In this letter, the Commission has pointed out very clearly the difficulties 
involved in turning over to private industry projects in the atomic energy field 
in which national defense is of paramount importance. It should be under- 
stood, therefore, that this communication is not intended as a criticism of the 
Atomic Energy Commission which is cooperating with private industry in a 
commendable manner. 

We respectfully request that you and your fellow Joint Committee members 
give this letter and the enclosed statement consideration as you engage in your 
annual review of atomic energy progress. 

Sincerely, 
J. E. Hutt. 
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STATEMENT FOR INCLUSION IN THE RECORD OF SECTION 202 HEARINGS HELD BY THE 
JOINT CONGRESSIONAL COMMITTEE ON ATOMIC ENERGY, SUBMITTED BY THE MANU- 
FACTURING CHEMISTS’ ASSOCIATION, INC., FEBRUARY 25, 1960 


INTRODUCTION 


The Atomic Energy Act passed by the Congress in 1954 states that the na- 
tional effort to develop the application of atomic energy shall be based on strength- 
ening free competition in private enterprise. 

Private industry, relying on that policy, has over the past 6 years expended 
many millions of dollars in the conduct of self-sponsored research and de- 
velopment, in the construction of laboratory and production facilities, and in 
the assembly and training of technical and engineering staffs. In the chemical 
field, as in many other areas of atomic energy progress, private industry has 
made substantial contributions during this period. 

Now, private industry possesses the technical competence, the diversified ex- 
perience, and the necessary facilities to provide, on a competitive basis, nearly 
all types of products, materials, and services necessary to continued develop- 
ment of applications of nuclear energy. 


THE PROBLEM 


As industry’s capabilities have expanded, the problem of competition from 
the Atomic Energy Commission, its national laboratories, and its operating con- 
tractors has become one of increasing concern. 

In recent years, the Atomic Energy Commission has given increasing con- 
sideration to the role that private industry should and must play if the atomic 
industry is to become a healthy, self-supporting business. Some examples of 
this are: 

1. In the building and operation of Government-sponsored power reactors, 
industry has supplied much, if not most, of the equipment and materials, in- 
cluding nuclear fuel processing on a competitive bid basis. 

2. Offered for competitive bid a contract to supply 5,000 tons per year of puri- 
fied uranium which resulted in the building of a new feed materials plant by 
private industry to make UF* from ore concentrate. 

38. Opened up the submarine program to private industry, thus introducing 
competitive aspects. This, however, was on fuel elements only and to date has 
not included supply of uranium metal which is currently provided by the Gov- 
ernment. 

4. Set up the fuel cycle development program to bring competition into the 
R. & D. field of the nuclear industry. This is excellent, because the policy of 
bringing private industry into nuclear work during the early phases of a program 
puts the technology into the hands of private industry where it then becomes 
the basis of a healthy profitable industry. This policy should be vigorously 
pursued. 

5. Current practice of giving out more of the fuel business on such reactors 
as BORAX and EBR’ is commendable, and should not only be continued but 
expanded. 

However, despite the increasing amount of work made available to industry 
by the AEC since 1954, the efforts of private industry to participate have not 
been notably successful, particularly in the reactor field. Consequently, in- 
dustry’s role is but a minor part of the total effort toward the national atomic 
energy development program. 

Even in the areas where private industry is presently participating much of 
it is on a cost-plus-fixed-fee basis. This type of contract serves a definite pur- 
pose where initial development costs are high, parameters are not clearly de- 
fined, and where necessary facilities do not already exist. However, as soon 
as possible, a transition to competitive bid contracts is urged, where price and 
performance are essential if a company is to continue in business. 

It is no secret that the immediate prospects for an increase in commercial 
power reactor business are poor, with potential buyers maintaining a wait-and- 
see attitude. At least during this period, it is the expressed desire and hope of 
the Manufacturing Chemists’ Association that there will be an ever-increasing 
amount of nonweapons work made available to the private nuclear industry 
on a competitive bid basis. 

There exist at the present time many specific examples of projects wherein 
private industry could participate to a greater degree. In the reactor fuel 
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field alone, a recent survey showed 17 separate fuel projects (see appendix 
A) now underway in Government facilities, all of which industry is fully 
equipped and qualified to perform. An outstanding example of a case in which 
private industry could more fully participate is the processing, fabrication, and 
testing that the Government will require in connection with the production of 
fuel elements for the large new production reactor to be built at Hanford, Wash. 

The reprocessing of reactor fuel elements is still carried out exclusively by 
the Atomic Energy Commission. Progress toward industrial participation is 
indicated by the current IRG studies. 

It appears that one of many other areas where the AEC could promulgate 
this greater participation is in the supply of uranium metal for the submarine 
program. The letting of contracts in this area to competitive commercial fuel 
processors would certainly be a giant and positive step in the right direction. 

In the early days of the atomic energy program, cost-plus-fixed-fee contracts 
worked well. From this there evolved some contracts arrived at on a com- 
petitive bid basis, which in the case of fuel materials had the extremely bene- 
ficial effects of increasing process technology and reducing prices by as much as 
50 percent since 1956. We cannot become overly enthusiastic at this, however, 
because the years immediately ahead, when commercial power reactor business 
will be at a low ebb, will be difficult ones. In view of this, there must be a 
vigorous Government policy of increased participation in nuclear business by 
private competitive industry. Recent promulgation by the Bureau of the 
Budget of its Bulletin No. 60—2 will, in its application to the AEC, be helpful 
if the policies contained therein are aggressively pursued. 

In summary, commercial fuel processors and fabricators are ready, willing, 
and able to fully participate in nuclear business on a competitive bid basis. 


RECOM MENDATIONS 


The Manufacturing Chemists’ Association strongly recommends that the 
Joint Congressional Committee on Atomic Energy reaffirm the national policy, 
as stated by the Congress in the Atomic Energy Act of 1954, that the national 
nuclear development effort shall be conducted so as to strengthen free com- 
petition in private enterprise. 

Further, the association recommends that, in accordance with that policy, 
the Joint Committee give full support to the principle that Government-owned 
facilities be used for nonweapon atomic energy research, development, testing, 
processing, and production only when necessary facilities and capabilities for 
such work do not exist, or cannot reasonably be provided, in private industry. 

There are now and there will continue to be important areas of pioneering 
research development, and experimentation in which the national laboratories 
and other AEC facilities should, and probably must, bear primary responsibility. 
They can best serve the public interest by invading these frontiers of nuclear 
science rather than trying to duplicate industry’s productive capabilities. 


APPENDIX A 
NUCLEAR FUEL PROJECTS 


Following is a list compiled by the nuclear committee of the Manufacturing 
Chemists’ Association, Inc., of specific reactor fuel projects involving chemical 
technology currently sponsored by the Atomic Energy Commission, for which 
private industrial concerns possess both technical capabilities and productive 
capacity : 

1. Conversion of all enriched and depleted uranium from UF. as required in 
the nuclear Navy for metals, alloys, or uranium compounds. 

2. Provision of depleted uranium for all activities at the national laboratories. 

3. Conversion from UF, of depleted uranium required for shielding cask at 
Bettis Field representing approximately 40 tons of cylindrical casting. 

4. Conversion and fabrication of fuel elements for the process heat reactor 
project tentatively scheduled to be built at Point Lomas, San Diego, Calif. 
ae Enriched uranium oxide and/or pellets for the gas-cooled reactor project at 

-R.N.L. 

6. Conversion and fabrication of fuel elements for the AEC’s nuclear rocket 
program at Livermore. 

7. Supply of enriched uranium metal for ETR and MTR fuel elements. 

8. Enriched uranium metal and fabrication of fuel for the NPR at Hanford. 
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9. Depleted uranium metal for AEC shielding cask at General Electric, 
Schenectady. 

10. Supply and/or fabrication of high purity cobalt for the High Intensity 
Radiation Development Laboratory at the Brookhaven National Laboratory. 

11. Production of uranium for heavy water components test reactor being built 
at Savannah River. 

12. Conversion and fabrication of uranium elements required for subcritical 
training reactors for educational institutions. 

13. Production of enriched uranium metal for the Piqua reactor. 

14. Supply of thorium oxide for the homogeneous development program at 
O.R.N.L. 

15. Supply of thorium metal for special projects at Los Alamos, Sandia, and 
Lawrence Radiation Laboratory at Livermore. 

16. Recovery of cold fabrication scrap, both high and low enriched, from all 
of the above projects. 

17. Supply of uranium oxide and fabrication of subsequent fuel elements for 
Shippingport reactor. 


NATIONAL ASSOCIATION OF MANUFACTURERS, 
New York, N.Y., March 1, 1960. 
The Honorable CLINTON P. ANDERSON, 
The United States Senate, 
Washington, D.C. 

DEAR SENATOR ANDERSON: Because of our vital concern with the patent pro- 
visions of the Atomic Energy Act, the NAM patents committee has prepared 
the enclosed statement for submittal to your committee in connection with the 
section 202 hearing. 

It would be sincerely appreciated if this were entered into the current record 
made before the Joint Committee on Atomic Energy. 

Very truly yours, 
THOMAS M. FERRILL, Jr., 
Chairman, Government Interests Subcommittee of the Patents Committee. 


NATIONAL ASSOCIATION OF MANUFACTURERS 
OF THE UNITED STATES OF AMERICA, 
New York, N.Y., March 1, 1960. 
Senator CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, 
Washington, D.C. 

DrAR SENATOR ANDERSON: The nuclear energy committee of the National 
Association of Manufacturers is pleased to submit this statement in connection 
with the hearings on the development, growth, and state of the atomic energy 
industry. We should like to comment on competition between the Government 
and private industry as defined in the Bureau of the Budget Bulletin 60-2. 

As Iam sure you know, a special task force of our nuclear energy committee 
reviewed activities in the nuclear energy field as they might come within the 
scope of this Bulletin 60-2. The results of this review were furnished to the 
AEC in a letter dated December 4, 1959, from the then chairman of the NAM 
committee, Mr. J. F. Fairman. 

Without attempting to discuss in detail the areas covered in that letter, they 
generally fell into the category of the fuel cycle (with the excepion of the 
U* enrichment process), irradiation services, supply of special materials and 
services. Our task force had determined that an industrial capability exists 
in all of these areas and should, in our opinion, be utilized in preference to 
Government-owned facilities. 

We recognize that this problem of competition is a complicated one, which 
will not be solved quickly or easily. It obviously was necessary to operate 
the Government-owned laboratories during the war for the military program. 
Further, we certainly agree that the so-called multi-program laboratories of the 
Commission are still absolutely necessary today in research and development 
programs in the nuclear field. 

However, in this rapidly changing field, private industrial capacity has 
grown rapidly in the past 5 years, particularly in the areas mentioned ahove. 
At the same time, the Government-owned laboratories have also grown both 
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in total expenditures, and in the number of employees. As these operations 
have increased, their scope has been broadened considerably from the original 
research and development objectives. 

It is our fundamental belief that in the area of civilian programs, Govern- 
ment-owned facilities should be used only for research and development activities 
requiring special facilities which do not exist in industry. Other activities 
should, insofar as possible, be carried on by privately owned facilities, financed 
with private funds. 

Since the Atomic Energy Act of 1954 specifies that one of the objectives of 
national policy is “‘to strengthen free competition in private enterprise,” we 
recommend a clear restatement of this policy, particularly as it pertains to 
the use of Government-owned facilities. 

We would also recommend that a mechanism be established to give a con- 
tinuing review and discussion between industry and the AEC of current pro- 
grams which are competitive, as well as future ones which might result in 
competition. As I have said before, it is our feeling that the programs of 
Government laboratories should be limited to research and development, and 
even there such programs should not compete with industry. The integrated 
activities of these laboratories which involve routine production programs should 
be curtailed, with the aim of cessation at the earliest practicable date. 

Programs which have been advanced in the National Laboratories to full- 
scale development status, and are nearing manufacturing stages, should then 
be considered for production by private industrial facilities, even though these 
procedures may result in a temporary increase in time schedules or cost of 
initial production. Changeovers are simpler at this point and will be cheaper 
in the long run. 

It is our feeling that worthwhile results have been brought about by issuance 
and consideration of the Bureau of the Budget Bulletin 60-2 and we look 
forward to future discussions with the AEC in this area. We hope that the 
joint committee will actively encourage this spirit of cooperation which will 
lead to maximum contribution to the peaceful development of atomic energy. 

Sincerely yours, 
LAUCHLIN M. CurRIE, 
Chairman, Nuclear Energy Committee. 


STATEMENT OF NATIONAL ASSOCIATION OF MANUFACTURERS IN CONNECTION WITH 
SecTion 202 HearinGs, 1960 


This statement is submitted on behalf of the National Association of Manu- 
facturers with the request that it be entered in the record of the hearings 
recently held pursuant to section 202 of the Atomic Energy Act. It should be 
noted that the NAM consists of some 20,000 members of which 83 percent have 
fewer than 500 employees, and 28 percent have fewer than 50 employees. 
Therefore, we speak for small, medium, and larger producers as well as a cross 
section of all types of business enterprises. 

Since the enactment into law of the Atomic Energy Act of 1954 there have 
been many expressions of concern about the patent provisions of this act. 
The prevailing view of industry is that while the special patent provisions of 
the Atomic Energy Act were intended to serve the best interests of the Govern- 
ment, the people of the United States and American industry, and to encourage 
invention and development in the atomic energy field, they actually produce 
an overall effect which is opposed to these worthwhile objectives. Accordingly, 
we urge the enactment of such legislation as would place inventions in the 
field of atomic energy on the same footing as inventions in general fields of 
endeavor. This can readily be done by the repeal of sections 2181, 2182, 2183, 
2184, 2185, and 2189 of United States Code, title 42, and the amendment of 
sections 2186, 2187, and 2190 to delete references thereto. 

With respect to inventions in the atomic energy field, just as with regard 
to those in other fields, the inventor should have the ordinary opportunity 
afforded under the Constitution and the patent laws for obtaining U.S. patents 
and for the full exercise of the property rights, with the choice of exclusive 
use for a limited time or the sale or licensing of the patented inventions. More- 
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over, American inventors should have the same opportunity to patent their 
atomic energy inventions abroad, for their own benefit, as is afforded with 
respect to inventions in other fields. 

It is submitted that the best interests of the Government, the people of the 
United States, and large and small industries are best served by following the 
Government contracting procedures in the field of atomic energy which have 
proved workable and effective for decades for the armed services. By such 
procedures the Government gets what it needs in the shortest time and at the 
least cost. At the same time, the country is strengthened by aiding the buildup 
of healthy industrial companies of all sizes. 

The material which follows relates to (1) the need for amending legislation 
to make U.S. and foreign patent protection and enforcement rights available 
for inventions in the atomic-energy field in the same manner as in other fields 
generally, and (2) the importance of retention of commercial rights by the 


contractors in inventions made during the performance of contracts in the field 
of atomic energy. 


I. The need for amended legislation to make U.S. and foreign patent protection 
and U.S. patent enforcement rights available for inventions in the atomic 
energy field in the same manner as with respect to inventions in other fields 


There are many indications that, so far as American industry is concerned, 
the atomic-energy program needs stimulation. Your committee, we are sure, is 
interested in encouraging the investment of risk capital in research and engi- 
neering efforts in this field. However, industry has found that work in this 
field requires a major investment in research and engineering effort—an invest- 
ment which companies can afford to make only if patent protection can be ob- 
tained. If a company invests in the atomic field and seeks to obtain patents 
protecting its developments, it has no assurance that it can obtain such patents 
in its own name and use them in the ways provided for under title 35 of the 
U.S. Code. Even if it succeeds in obtaining the patents and is not compelled to 
license them under Commission-imposed terms, it has no way of knowing whether 
such patents are valid. 42 U.S. Code, section 2185—Prior Art—is a radical 
departure from our established patent system and creates a hopeless condition 
as to the evaluation of any patent issued in this art. The threat of compul- 
sory licensing under 42 U.S. Code, sections 2181 and 2183, hangs over any patent 
in the atomic energy field as a potential devaluating factor. Therefore, while 
the Atomic Energy Act of 1954 was passed with the expectation that it would 
stimulate investment of risk capital, these and other patent provisions of that 
act are inconsistent with those worthy objectives. As a consequence, most re 
search and development being presently carried on in this field is supported 
partly or entirely with Government funds, and even on this basis is of limited 
attractiveness, especially to medium and small businesses. 

Under U.S. Code, section 2182, all inventions made or conceived under any 
contract, subcontract arrangement, or other relationship with the Commission 
shall be deemed to have been made by the Commission. The Commission is in 
no position to apply for patents or develop these ideas, except in a few cases, 
so many of them go “down the drain.” Indeed, who knows better what is the 
value of an invention and who is more willing to back it with his time and 
money than the inventor and his employer. In those few cases where the Gov- 
ernment obtains U.S. patents, such patents really serve only as publications, 
being neither useful in their intended way to protect investment in research 
and development nor useful to protect the investment of public funds in this 
type of work. 

In view of the foregoing, disproportionate strength in U.S. patents in atomic 
energy will reside primarily with foreign nationals who secure enforceable 
patent protection in this country with relative ease while inventors here are 
largely obliged to forego the patent reward. While this country has been the 
world leader in research, development, and money invested, it has, sad to relate, 
a poor patent position in the atomic-energy field. 

An issued patent establishes, for all the world to see, the name or names of 
the individuals making that particular contribution. In the years to come, the 
history of the development of atomic energy for peaceful purposes will be pre- 
dicated on the recorded patent history to a large extent. 

For the reasons set forth above, we feel that two remedial measures are 
needed, namely, (1) the removal of the limitations on the patenting of inven- 
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tions in this field, and (2) a change of the present Commission patent policies 
with respect to Government-supported contracts.’ 

U.S. inventors lose foreign rights too.—Under 42 U.S. Code, section 2181, the 
Commission has the right to take the Government contractor’s foreign patent 
rights as well as the domestic. Consequently, U.S. manufacturers are unable to 
develop foreign patent situations of value such as would aid them in selling 
abroad or which might aid them in offsetting the patent rights of foreign 
nationals. 

While foreign governments and foreign nationals are working diligently to 
establish strong patent positions, the United States is permitting the foreign 
patent rights on American inventions in this field to go largely by default. The 
American manufacturer endeavoring to do business in foreign countries is faced 
with the overwhelming patents and competition of foreign interests. 

The treaties or arrangements which our country has made with foreign gov- 
ernments are of little assistance to the U.S. manufacturer who is endeavoring to 
do business abroad on a _ private-enterprise basis. Government contractors 
should be encouraged to obtain foreign patents at their own expense. Title to 
such patents should reside in the contractor subject to a free, nonexclusive li- 
cense to the U.S. Government. 

The atomic energy statutes should be so revised and Government contracts 
should be so written as to encourage contractors to develop patent situations 
at their own expense in foreign countries. Such a comprehensive foreign patent 
situation would comprise a most effective means for demonstrating the technical 
contributions of the United States to the world. Further, it would facilitate 
sales of apparatus by American manufacturers abroad and the licensing of for- 
eign manufacturers. Also, it would provide incentive for U.S. investments 
abroad by enabling American companies to set up to manufacture and sell over- 
seas without having their inventions promptly copied. 

Compulsory licensing retard development.—When the patent provisions of the 
1954 act were drawn, the conditions obtaining were quite different from those of 
today. At that time, it was feared that a few companies who had been deeply 
involved in this development might monopolize this business. In the fear thata 
few of these insiders might obtain a patent situation dominating the entire in- 
dustry, the compulsory licensing provisions were enacted. Today, there is no 
real threat of domination of the atomic energy field by one company or a few 
companies. As the fundamentals of atomic energy are well known, the inven- 
tions that are being made are necessarily confined to improvements. When a 
manufacturer finds a patent of his competitor to stand in his way, he is led to 
do original development work to avoid the patent, often resulting in a still bet- 
ter solution to the problem. This process of designing around the patents of 
others gives the buyer a choice of a number of different designs and frequently 
results in many improvements being made over the earlier devices on the market, 
ultimately making better products and services available at lower cost. The 
compulsory licensing provisions of the Atomic Energy Act defeat this progress 
incentive which is generally afforded under our patent laws, and thus are con- 
trary to the sound intent and purposes of the act. 





IIT. The importance of retention of commercial rights by the contractors in inven- 
tions made in the course of atomic energy research and development 


In the field of atomic energy, as well as in the field of astronautics, there has 
been a great deal of interest in the factors for and against Government acquisi- 
tion of title to the patents arising from inventions made by contractors in the 
course of research and development contracts with the Government. On the 
question whether the Government’s policy should be that of requiring only free 
license rights, as long practiced in defense development contracts, or should be 
that of acquiring title to the invention, each of the following aspects must be 
examined : 

1. Incentive to enter into research and development contracts ; 
2. Financial benefit to the Government ; 

3. Commercial adaptation of inventions; and 

4. Discrimination against small business. 





1 One policy matter of special, current concern relates to the requirement in certain 
instances that patent rights to background or basic patents be assigned to the Govern- 
ment as a contract provision. This requirement has been made even for fixed-price 
production contracts involving no research and development. This is a most serious 
matter, for inevitably it tends to drive away the best qualified firms from entry into AEC 
contracts. 
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1. Incentive to enter into research and development contracts.—The acquisi- 
tion by the Government of title to patents, as provided under 42 United States 
Code, section 2182, significantly reduces the incentive of both large and small 
companies to enter into contracts with the Atomic Energy Commission. 

Contracts for research and development for a branch of the Department of 
Defense are, in general, reasonably attractive to small and large companies alike. 
Well-known disadvantages of such contracts are the limitations on the profit 
to be directly produced through research and development contracts and the lack 
of certainty of any substantial production and sales to the Government ensuing 
therefrom. These disadvantages are offset by the opportunities often afforded 
to the holders of research and development contracts to adapt inventions made 
in the course of the contract to fields of possible commercial interest, leading to 
the development of new or improved commercial products or processes. Such 
commercial adaptation usually entails investment of considerable time, effort, 
and expense on the part of the contracting company, an investment which it is 
willing to risk in the expectation of ultimately bringing forth a profitable product 
and which it is justified in risking if it has patent protection against immediate 
competition from the ever-present copyist. This prospect is attractive to com- 
panies large and small; it is more often of vital importance to small companies 
who rely more on innovation and improvement for success than large capital 
and plant facilities. 

In contrast, let us examine now the outlook presented to a company under- 
taking a research and development project for the Atomic Energy Commission 
on the basis prescribed by 42 United States Code 2182. Very little, if any, 
benefit accrues to such a company from the successful performance of an ade- 
quately funded AEC contract or subcontract. No ownership of U.S. and foreign 
patent rights is assured, since title to inventions developed in the course of the 
contract must be conveyed to the Government.? Accordingly, the possibility 
that an AEC contract will lead to a risk-justifying commercial opportunity is 
dangerously diminished, and the attractiveness of such contracts to private 
companies, small as well as large, is seriously lessened. 

2. Financial benefit to the Government.—The Government is not in a position 
to function as an effective purchaser and exploiter of commercial rights in 
patents, since the ownership of a patent by the Government has the substantial 
effect of laying open to the public the commercial rights therein. Unlike the 
Government, a private owner of a patent on a commercially significant invention, 
being able to enforce the patent against infringers who choose to ignore it, is 
accordingly in a position to establish licenses for reasonable value. 

The Government obviously is not in a position to enforce patents which it 
owns against unlicensed commercial users of the patented inventions. The 
institution of suits by the Government for the infringement of Government- 
owned patents is unthinkable, and would be remote from the constitutional 
purpose for which patents are granted. Unless the Government is to be placed 
in the unprecedented position of threatening prosecution of commercial in- 
fringers and following up unheeded threats with legal attacks, it would not 
be in a position to persuade commercial users of the patented inventions to 
accept licenses requiring the payment of royalties to the Government. Accord- 
ingly, it is illogical and impractical for the Government to seek to establish 
itself as an effective owner of patents and dealer in commercial rights there- 
under. On the other hand, real financial and other benefits flow to the Govern- 
ment by using the incentive value of the patent system to make it possible to get 
a better job done at a lower cost by the best-qualified parties. 

3. Commercial adaptation of inventions.—The adaptation of inventions made 
in the course of Government contracts to commercial processes and products is 
retarded, rather than expedited, by Government ownership of the commercial 
rights thereto. Since industrial companies, in general, endeavor to channel 
their energy toward development of new products which can be protected by 
patent coverage, the Government’s acquisition of ownership of the inventions 


2There is a provision in 42 United States Code, sec. 2182, which gives the Commission 
the right to waive its claims to any invention or discovery made under or in connection 
with a Government contract. However, as one would expect, this waiver provision has 
been used very sparingly, since an employee of the Commission would appear to be 
protected from future criticism only by the exercise of extreme conservatism in acting 
upon waiver requests. 





En 
tra 
fiel 
wo) 


wit 
or | 
law 

9 


con 
cov 
to k 
hav 








si- 
es 


ill 


of 
ce. 
fit 
ck 
ng 
led 
ide 
to 
ich 
rt, 
is 
uct 
ate 
ym- 
ies 
ital 


ler- 
ion 
ny, 
ide- 
‘ign 
the 
lity 
y is 
rate 


tion 
; in 
itial 

the 
‘ion, 
t, is 


h it 
The 
ent- 
onal 
aced 
| in- 

not 
s to 
-ord- 
blish 
here- 
yern- 
9 get 


made 
‘ts is 
reial 
innel 
“di by 
tions 


ission 
ection 
yn has 
to be 
acting 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 517 


made in the course of AEC contracts has an effect almost like that of dedication 
of such inventions to the American public. Hence, when an R. & D. contractor 
in the atomic field develops a commercial adaptation of a Government-assigned 
invention and brings it to market, he runs the risk that his costs may not even 
be recovered before competitors rush in to participate in the business, unfairly 
-apitalizing on the result of the initial developer’s labor and risk. 

Government ownership of patent title again is seen as a deterrent rather 
than a stimulus for commercial development of inventions when one considers 
the contrast between the favorable climate for commercial invention develop 
ment in the company originating the invention, and the less favorable attitude 
toward the invention likely to be encountered in other companies which ulti- 
mately learn of it. In general, a company in which an invention has evolved 
through the initial stages of conception and evaluation provides the most favor- 
able environment in which to carry out the adaptation and development of 
the invention to commercial uses. It has the background and technical know- 
how without communication problems, and it has the enthusiasm and pride of 
authorship. The retention of commercial rights enhances the likelihood that 
the contractor originating the invention will carry it through the necessary steps 
to make its benefits available commercially. Conversely, under Government 
ownership of the patent, a risk-justifying commercial opportunity is danger- 
ously diminished, and the attractiveness of such contracts to private companies, 
and particularly the small companies, is seriously lessened. 

4. Discrimination against small business.—The retention by the contractor 
of title and commercial rights in patents resulting from Government R. & D. 
contracts, with the grant of license rights only to the Government, is desirable 
and important to all potential contractors, and particularly so to small com- 
panies. The larger industrial companies can sometimes afford, even though 
reluctantly, to enter into a contract with the Government under which they face 
the prospect of retaining no commercial rights in resulting inventions. In 
some cases, they may rely upon their own patents in allied fields, and/or their 
potential as suppliers of stock components and equipment, as the route for 
realizing substantial benefit from such a contract. Small companies, on the 
other hand, can ill afford to direct their limited manpower and capital toward 
R. & D. contracts under which the Government would acquire all patent rights, 
commercial as well as governmental, and foreign as well as domestic, as called 
for under 42 United States Code, section 2182. Such companies, endeavoring 
to grow strong in a technical field, stand in especially great need of acquiring 
at least the commercial rights in a few patents at an early date, so as to be in 
a position to demand recognition of such rights from larger established com- 
petitors and to bring about some offset against the broader patent holdings 
of competing firms. 

In summary, the Government’s acquisition not only of free license rights 
in inventions produced by contractors, but of the entire rights in the patents 
thereon, is unproductive of benefit to the Government, because (1) it tends to 
reduce the incentive for potential contractors to enter into research and devel- 
opment contracts with the Government, (2) it is unproductive of any economic 
benefit to the Government, (3) it is inimical to the most favorable conditions 
for development of possible commercial adaptations of the inventions, and (4) 
it is of greater detriment to small companies than to large companies. 


RECOM MENDATION 


For the reasons set forth above, it is our recommendation that the Atomic 
Energy Act of 1954 be so amended as to place inventors and Government con 
tractors in this field in the same position, patentwise, as in any other general 
field. Only by providing such stimulation will the United States insure its 
world leadership on an economical basis. To this end, we recommend that: 

1. All reference to patents be deleted from the Atomic Energy Act of 1954 
with the possible exception of those provisions relating to weapons, secrecy, 
or compensation so that, in the nonweapon field, there will be a uniform patent 
law applicable to all inventions ; and 

2. The contracting proecdure of the Commission be revised to afford the 
contractor ownership of U.S. and foreign patents covering inventions and dis- 
coveries arising out of or resulting from Government contracts, such ownership 


to be subject to a free, nonexclusive license to the U.S. Government to make or 
have made for governmental purposes. 
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STATEMENT OF ANGUS MCDONALD, COORDINATOR OF LEGISLATIVE SERVICES OF THE 
NATIONAL FARMERS UNION, ON THE DEVELOPMENT, GROWTH, AND STATE OF THE 
ATOMIC ENERGY INDUSTRY 


Mr. Chairman and members of the committee, our impression, after review- 
ing several documents, including the “Civilian Power Reactor Program, Part 4, 
Plans for Development,” by the U.S. Atomic Energy Commission and several 
addresses by members of this committee is that atomic energy development in 
the United States is in a state of confusion and that the Atomic Energy Com- 
mission has fallen down on the job in advancing peaceful uses of the atom. 

It will be recalled that after the revision of the Atomic Energy Act of 1954, 
the Commission put together a so-called 5-year program at the insistence of 
this committee. This program was little more than a recitation of the indi- 
vidual projects which has already been undertaken by the National Labora- 
tories. In actuality, the Atomic Energy Commission has no program and since 
that time has consistently fall down on the job of spelling out a program and 
earrying it out. The Atomic Energy Commission seems to suffer from a per- 
manent neurosis caused by its obsession that it would be unwise or perhaps 
unpatriotic or un-American to carry out a Federal program. It has sat back 
year after year and waited for private industry to do the job. Private indus- 
try on its part by means of full-page newspaper and magazine advertisements 
has attempted to convince the Congress and the American people that it would 
rapidly inaugurate and carry out a full-scale nuclear program without any 
subsidies whatsoever. 

For example, in 1956 independent electric light and power companies (which 
incidentally had had nothing to do with the development of atomic energy) 
came out with full-page advertisements in all of the metropolitan newspapers. 
In those ads the power companies boasted that they had a number of large 
atomie energy plants under construction and many more planned. The program 
of the power companies has fallen on its face. While several plants are under 
construction, private power companies, at the present time, are not producing 
a single kilowatt of nuclear power. Furthermore, they have come back to this 
committee and the Congress repeatedly and have asked for and received huge 
subsidies. The Congress has been very generous but even with much assistance 
little has been accomplished. Although several large plants are under construc- 
tion there has been delay after delay and huge increases in the first announced 
cost of the projects. The latest information to reach us is that Detroit-Edison 
project, masterminded by Walter Cisler, has fallen by the wayside. Something 
is wrong with the core of the reactor we are told which is like saying that 
the automobile is OK except the motor is no good. 

Despite the fact that the Atomic Energy Commission predicted that we would 
have about 2 million kilowatts of nuclear electric power by the end of 1960, and 
5 million by the end of 1965, there has been only one large-scale reactor built 
in the United States. It now appears that less than 400,000 kilowatts will be 
in operation by the end of this year. 

Efforts to launch and carry out an atomic energy program abroad have also 
been unsuccessful. The European Atomic Energy Community, composed of six 
nations, has also failed to get its announced goals. Former Chairman Strauss 
announced that 15 million kilowatts of atomic power would be developed by 
these countries by 1967. Although Congress has authorized assistance and al- 
though AEC has seemed anxious to build foreign atomic plants, except for one 
plant in Italy which was planned before the program was set up, no proposal 
was submitted. 

The prospectus of AEC previously referred to gives little encouragement that 
any plants will be built in the near future. It is recommended that experimen- 
tal and research programs go along at a leisurely pace for a few years and then 
AEC will take a look and see if the building of any nuclear plants seem eco- 
nomically justified. On page 3 of the document, AEC trots out its five objectives 
again for a civilian power program. The first objective is to reduce cost to a 
competitive level with conventional plants in high interest cost areas. Then on 
page 5, the Commission says that light water-cooled reactors in the near future 
“an achieve competitive power in the high fuel cost areas of the United States. 
This would seem to cancel out the 10-year objective unless it means that 10 
years from now is in the near future. 

It would appear that our recommendations of previous years in regard to the 
building of large plants should be repeated at this time. Other countries, in- 
cluding the Soviet Union and Great Britain, have gone ahead and passed us if 
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the measure is the number of kilowatts produced. The Chairman of the Atomic 
Energy Commission announced recently that the Russians were neck and neck 
with us. If he is correct and we believe his statement is a conservative one 
the United States should immediately embark on a large-scale atomic energy 
program in which a number of large-sized and small-sized plants could be built. 

It has been suggested that the bookkeepers of the budget-conscious individuals 
in the administration have prevented the presentation of a realistic electric 
power atomic energy program. Whether or not this is true, we urge the com- 
mittee once again to consider the Gore-Holifield type of legislation which author- 
ized a large-scale program. 

In the last few days, the head of the Atomic Energy Commission has an- 
nounced that two west coast utilities are now prepared to build two huge atomic 
plants having a power output of 6 to 650 million kilowatts. Chairman McCone 
insists that no Federal money will be needed for these projects, except for re- 
search and development assistance. We hope that these plans are made realis- 
tically and that the utilities will actually do what they say they will do without 
Federal assistance. 

However, if these two utilities can build two economically feasible plants it 
would seem that the AEC goal to develop competitive nuclear power in high- 
cost areas in 10 years has no relation to presentday realities. We are aware 
that such authorities as Admiral Rickover have said it would be some years 
before competitive nuclear power could be developed. We have called attention 
to the fact that public power utilities in the past have been unable to produce 
competitive power. Therefore, we suggest that any new plans and promises by 
the utilities be carefully scrutinized by this committee. 


NATIONAL RURAL ELECTRIC COOPERATIVE ASSOCIATION, 
Washington, D.C., February 17, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, United States Capitol, 
Washington, D.C. 


DEAR SENATOR ANDERSON: As we informed Mr. George F. Murphy of your staff, 
it will be impossible for any of the qualified members of our staff to appear 
formally before your committee to testify on the “development, growth, and state 
of the atomic energy industry.” The time scheduled for your hearings coincides 
with the National Rural Electric Cooperative Association’s annual meeting and 
consequently, we will have to be out of town. 

In view of this, we would like to express our views to you and your com- 
mittee in this letter and ask that it be made a part of the official record. 


BASIC POSITION REMAINS THE SAME 


Our basic position remains unchanged. Our association has adopted the fol- 
lowing statement of policy: “We * * * firmly believe that abundant electricity at 
low cost is vital to the well-being of rural America. * * * We support the full 
development as needed of power resources wherever found, whether in the area 
of hydro, atomic energy or the fossil fuels. * * * We recognize that the peaceful 
atom today represents a national resource created solely by the expenditure of 
billions of tax dollars. The people, and not any private corporation to the 
exclusion of the people, are entitled to the benefits from the vast source of tre- 
mendous power potentially available. We believe the national interest calls 
for prompt and aggressive Federal development of the peaceful atom as a power 
source.” 

We believe that it has been amply demonstrated since passage of the 1954 
amendments to the Atomic Energy Act that we cannot rely on any program that 
places complete or major emphasis on commercial utilities, if we are to achieve 
competitive nuclear power in any reasonable period of time. 

We believe the record of the last several years, with the promises held forth 
and the failures experienced, provide ample support to the above statement. 

As to the specific recommendations and observations, I would state the 
following: 

RURAL ELECTRIC COOPERATIVE’S PARTICIPATION 
1. I would like to reemphasize the major reasons why the rural electric coop- 


eratives remain adamant in their stand regarding participation in the atomic 
energy program. We are convinced that as time goes on, the generation of 
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electric energy from nuclear facilities will become more and more important. 
This being the ease, if the rural electric cooperatives are to survive as electric 
utility systems, we must develop personnel technically competent in this highly 
specialized field of atomic energy. Moreover, we must have development suited 
to the particular needs of the rural electric cooperative systems. This means, 
as you realize, emphasis on a specific size that otherwise may not get attention. 
We are interested in the general range of 5,000 to 50,000 kilowatts. 

These two main factors, the matter of developing competent personnel and 
assuring development of economic nuclear power plants in the small- and 
medium-size ranges, are necessary to maintain survival of nonprofit electric 
utilities in this country. They are the compelling reasons why we continue to 
speak about our program before your committee. 


PRESSING NEED FOR COMPETITIVE NUCLEAR POWER 


2. We believe the pressing need for immediate development of competitive 
nuclear power warrants the establishment of early goals for achievement of 
such competitive power. We believe both domestic—especially in the high-cost 
fuel areas—and international needs demand more rapid acceleration of our 
nuclear program in this country. Certainly, it does not seem to us to be a good 
research technique to establish goals 10 to 15 years off in the future for the 
conclusion of studies leading to usable economic nuclear-reactor technology. 
Rather, we believe, that if these goals were established to demand the comple- 
tion and fruition of competitive nuclear-reactor technology within say, the next 
2 to 5 vears, the situation created would be such that if the program under these 
“round rules” were not frustrated, such goals could be achieved. 


ROLE OF NATIONAL LABORATORIES 


3. The above point leads us to comment on the suggestions and statements 
recently made calling for the abolition or severe curtailment of the personnel 
and functions of our national laboratories. We believe that the public invest- 
ment in these national laboratories, the excellent “research teams” that have 
been built up as a result of this public investment, and the public need, not only 
demand that the national laboratories be continued as integrated entities, but 
that, indeed, the activities of these national laboratories be increased. The 
public investment in these facilities and in the personnel who comprise them 
demand that their activities and functions be used to benefit the entire Nation 
and not any specific vested-interest group. We feel it would not be in the public 
interest to curtail these functions and thereby provide the way for private in- 
dustry to pick up these fine public researchers and place them on private pay- 
rolls to make use of the knowledge which has been gained from a substantial 
public investment. 

LIMITATIONS OF RESEARCH 





4. We also feel it is not in the best interest of anyone concerned to limit—as 
we believe the AEC is attempting to do—research and development in the 
nuclear energy field to only three basic reactor concepts. It should seem ap- 
parent—especially at this time, with some 10 years experience behind us—that 
we do not know enough about the various types of reactor technology and their 
possibilities. It would, therefore, seem foolhardy to suggest and initiate a pro- 
gram whereby we limit research and development to only three basic reactor 
types or concepts. All indications point to the need for more study and exten- 
sive research on a multitude of reactor types and technology. 

Not only should our research concern itself with a broad variety of types but 
eonstruction of experimental prototype plants should also be undertaken imme- 
diately across the whole range of sizes and types. 

In this same vein, we believe that the research projects which have been 
concluded and which point to the immediate need for prototype construction 
of plants for experimental and practical knowledge should be built immediately. 
I have in mind, for example, the statement recently made by Frank Pitt- 
man of the Atomic Energy Commission in which he pointed out that we are 
on the threshold in our research and development of a 300,000-kilowatt pres- 
surized water plant which could be built to produce competitive power at least 
in some areas of the United States. It is our feeling that such research projects 
which are so close to successful research completion should be pushed most 
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rapidly through the construction stage so that we can actually test out these 
concepts. 

The Pittman report also concluded that with some further successful re- 
search and development it would be possible to construct in the near future 
large-scale boiling-water and organic plants which would produce competitive 
power in high-cost fuel areas. 

It seems to us that it is a tenet of successful research that prototypes must 
be built and experimented with if we are going to be able to check in any 
definitive way on the “drawingboard concepts and conclusions.” It seems to 
us that the actual construction of these prototypes must be undertaken if we 
are to learn about the areas in which costs can be further reduced because 
these areas generally will not be observable in the theoretical stages. 


CAPITAL SUBSIDIES 


In all probability, the issue of capital subsidies, in one form or another, will 
be before the Joint Committee on Atomic Energy again this year. Our posi- 
tion on this matter was presented in some detail to the committee last year. 
We remain completely opposed to the granting of capital subsidies to com- 
mercial utilities for participation in the atomic energy program. 

As you are well aware, the existing private reactor projects are recipients of 
a multitude of subsidies including such things as the Government’s research 
program as conducted by the national laboratories, the Government’s guaran- 
teed price for plutonium, the fuel loan program, the subsidized price of en- 
riched uranium fuel provided by the Government, the Government’s fuel re- 
processing program, research and development subsidies, and others. 

The existing subsidies, in the face of the now obvious exaggerated statements 
made by the spokesmen for the private utilities in 1954, have certainly proved a 
failure in the stimulation of development that was projected based in large 
part on these statements. 

As the Chairman of the Atomic Energy Commission has himself pointed out, 
the establishment of a capital subsidies program would open “Pandora’s box.” 
We certainly feel the American people should be protected against this. 

For these reasons, plus others as pointed out to the committee last year, we 
feel there is no justification for the establishment of a capital subsidy program 
from the commercial electric utilities. 


RURAL ELECTRIC COOPERATIVE AND MUNICIPAL PARTICIPATION IN THE ATOMIC ENERGY 
PROGRAM 


As the committee knows, rural electric cooperatives and municipals, after a 
slow and sporatie start, are now participating in several Government reactor 
projects. These include the Elk River, Piqua, Consumers Public Power, and 
the Puerto Rico projects. In addition, under a recent announcement, two more 
second round type projects will shortly be underway. 

We appreciate the continued interest and support of the Joint Committee 
in assuring our continued participation in the atomic energy program and the 
more recent interest evidenced by the Atomic Energy Commission in our behalf. 


We trust that the momentum of this participation will not slow down, and, 
indeed, if anything, will be increased. 


THE HANFORD REACTOR PROJECT 


We believe the Congress should authorize the conversion of the Hanford 
plutonium production reactor to a dual-purpose plant. As you know, this will 
provide for the production of 700,000 kilowatts of power. We feel this authoriza- 
tion is most justified since, as the studies have shown, converting Hanford into 
a dual-purpose reactor will enable the Government to produce plutonium at 


a substantially reduced cost and, in addition, provide about 350,000 kilowatts 
for the Northwest. 


COMMENTS ON THE ATOMIC ENERGY COMMISSION’S CIVILIAN POWER REACTOR PRO- 
GRAM—PART IV PLANS FOR DEVELOPMENT 


We have just received AEC’s detailed discussion of the civilian power reactor 


program. We feel called upon to make several comments on this proposed 
program as submitted to the committee. 
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We are somewhat shocked and dismayed by the proposal in that we feel the 
program proposal rather than signifying a great step forward, carries out in 
effect the policies of the previous Chairman of the Atomic Energy Commission, 
I believe a detailed analysis of the proposed program will support this statement. 

The proposed new starts by the Atomic Energy Commission as detailed in 
their program report calls for, in effect, no new starts prior to either the early 
1960’s if promising, or 1963 or 1964. The Atomic Energy Commission’s pro- 
gram seems to be somewhat less than progressive in that the general tenor is 
one of waiting to see what will happen by 1963 or some later date and then 
determining what new projects if any will be started. 

Again we find the Commission setting a target date for so-called competitive 
nuclear power in high-cost fuel areas by 1968. The Commission seems to be 
playing both sides of the field in this matter. On the one hand, the Commission 
states that we will wait till 1963 or 1964 to see what new projects will be 
undertaken; on the other hand, the Commission states we will strive for 
competitive power by 1968, and juggled up in the air between both hands, the 
Commission reports that in several instances a 300 MWe plant of several 
types can now be constructed to provide competitive power in high-fuel cost 
areas of the United States. 

If this last statement is correct, if competitive nuclear fuel can now be pro- 
duced in high cost areas, why isn’t the Commission recommending the con- 
struction of such plants? If these plants can be built and they are competitive, 
why then call for competitive nuclear power by 1968? And further, if the policy 
of the Commission is one of waiting until the existing projects under construc- 
tion are completed and operated for a period of time before determining what 
new projects will be undertaken, how can the Commission argue that by 1968 
we will have competitive nuclear power in any or several areas of the United 
States? 

A reading of the proposed AEC program leads us to the same conclusion 
we have made many times in the past. And this is the simple fact that without 
the continued prodding of the Joint Committee on Atomic HEnergy—without 
the continued prodding of the Congress—there would today be little or no 
civilian atomic energy program in the United States. A listing of the existing 
civilian atomic projects as detailed in the Commission’s report and an analysis 
of this listing as to where action was initiated for the undertaking of such 
construction would, I believe, firmly support the preceding statement. 

This logically leads us again to the same point and position we have taken 
before this committee several times in the past. That is the simple fact that 
if the United States is to have a successful civilian atomic power program, 
if we are to maintain world leadership in this area—criteria set forth by the 
AEC itself—if we are to have competitive nuclear power in the United States 
in any quantity within the next several years—if all these standards are to be 
met, they will not be met unless the Congress develops a strong Federal program 
for the construction of demonstration, prototype, and commercial-size nuclear 
power stations. Such a program backed up by a strong national laboratories 
system must be developed, we believe, if we are to have a program at all in 
the United States. 

From the AEC’s civilian power reactor program report, we were dismayed to 
learn that the role of the rural electric cooperatives and other nonprofit utilities 
in the United States is to be diminished. Other than for the existing projects 
underway and the two proposals which the Commission has recently released 
for nonprofit utility operation participation, there seems to be little or no ref- 
erence in this recent program proposed by the Commission to continued partici- 
pation by these nonprofit utilities in the future. The report does make the 
statement that “this emphasis on large central station powerplants should not 
be construed as indicating a diminution of Commission interest in, or support of, 
a small power reactor program directed to achieve economically competitive 
nuclear power in plant sizes below 50 MWe (electrical megawatts).” The report 
also makes somewhat nebulous recommendation that sometime in the late sixties 
there may be another project available for these nonprofit utilities. Except for 
these two statements, there is nothing to give the rural electric cooperatives and 
municipalities status or participation in the future programing of the AEC as 
set forth in their program proposals. 

As we pointed out previously, we feel that the rural electric cooperatives and 
other nonprofit utilities throughout the country must maintain continued interest 
and participation in this atomic energy program if they are to survive in the 
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future. We feel, therefore, that any program proposed by the Atomic Energy 
Commission or the Congress must include an adequate number of projects—such 
projects being proposed under terms which have meaning; namely, the second- 
round type ground rules—if these utilities are to survive in the future. 

Thank you for this opportunity to submit our comments to the committee on 
these 202 hearings. 

Sincerely yours, 
CLYDE T. Ex.is, General Manager. 


New ENGLAND ELectric SYSTEM, 


Boston, Mass., February 11, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


DreAR SENATOR ANDERSON: I want to thank you for your invitation to submit 
a statement in connection with the Joint Conimittee’s annual section 202 hearings. 

As indicated in my letter of a year ago, New England Electric System plans 
to build a nuclear powerplant of 200- to 300-megawatt capacity for completion in 
the mid-1960’s. Recent studies of the probable power costs from a plant of this 
size are encouraging and tend to confirm our earlier opinion that such a plant 
will compare favorably with conventional generating capacity to be built in the 
New England area a few years hence. 

Our advance planning for additional capacity in the near future leaves us 
flexibility as to the timing and details of this plant. However, we have made 
preliminary decisions as to possible sites and will be in a position to go ahead 
expeditiously when load growth indicates the need for a plant of this size in 
our system. 

I should add that our participation in the yankee atomic project has been 
an important factor in our decision to move forward with a second-generation 
nuclear plant, and will provide a useful backlog of experience in carrying out 
the project. 

Yours very truly, 
Irwin L. Moore. 


THE NEW YorRK PATENT LAW ASSOCIATION, 
New York, N.Y., February 15, 1960. 
Re Atomic Energy Act section 202 hearings. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, Senate Office Building, 
Washington, D.C. 


DeAR SENATOR ANDERSON : On receipt of your letter of January 20, in which you 
invite the New York Patent Law Association to present oral testimony if we 
have new or different information or views which we believe should be brought 
to your attention, I referred the matter to the association's committee on Atomic 
energy and space and asked for the committee’s views. 

Except for a stronger than ever sense of urgent need to amend the patent 
sections to prevent further stifling of inventive contributions from individual or 
private sources, the committee has no new or different information or views. 
The committee has studied the statement presented on April 22, 1959, on be- 
half of its predecessor committee by Mr. William H. Davis, who was then 
chairman of the predecessor committee (transcript of hearings before the Sub- 
committee on Legislation of your committee, pp. 115-118") and strongly endorses 
Mr. Davis’ statement. A copy of that statement is enclosed herewith, and the 
committee has asked me to request that it be placed in the record of the hear- 
ings of your full committee. 

New information was presented in the related field of patents on space activi- 
ties, however, in the hearings of November 30 to December 5, 1959, before the 
Subcommittee on Patents and Scientific Inventions of the House Committee on 
Science and Astronautics, and our committee believes this information should be 
of vital interest to you insofar as it bears on Government patent policies gen- 
erally. Particularly interesting are the discussions in those hearings of in- 
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1“‘Hearings on Atomic Energy Patents,” Apr. 21, 22, and 23, 1959. 
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dustry’s reluctance to take contracts because of the NASA patent provisions. 
(See transcript of hearings, pp. 384 and 412. ) 

The committee’s views in the space field, as distinguished from new informa- 
tion in that field, are expressed in the statements of Mr. Davis, who appeared 
at the space hearings on December 4 on behalf of the Patents Committee of the 
Association of the Bar of the City of New York, and of Mr. Floyd Crews, who 
appeared on December 5 on behalf of our association. (Transcript of hearings, 
pp. 468470 and 559-542. ) 

Yours sincerely, 
J. B. L. Orme, President. 


NORTHERN STATES POWER CO., 
Minneapolis, Minn., January 29, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, Congress of the United States, 
Washington, D.C. 

DEAR SENATOR ANDERSON: This is an acknowledgement to your letter of Jannu- 
ary 20 inviting us to testify before the Joint Committee in connection with the 
202 hearings in February 1960. You have indicated that you would like us to 
testify orally only if there is some new or different information which we 
would like to bring to the attention of the committee. We believe that we 
can satisfy the requirements of the situation by the following written statement. 
We are, nevertheless, willing to have a representative appear at the hearing 
in the event the situation should change and you were to request such an 
appearance. 

The Northern States Power project, the Pathfinder Atomic Power Plant, is 
proceeding on schedule. We anticipate receiving our construction permit about 
March 1, 1960. Preliminary work is being done in the field with the expectation 
that full-scale construction will begin in the spring of this year. To this 
time we have found no reason to materially change our estimates of cost. 
We have had excellent cooperation from the Atomic Energy Commission staff 
in solving the various problems which have arisen. 

It has become increasingly clear to us that solution of the economic problems 
of atomic power is not easy, in terms of either capital costs or operating costs. 
Of ‘the latter, fuel costs are a very important component. For this reason 
Northern States Power Co. has joined with four other reactor operators (or 
prospective operators) and the Davison Chemical Division of W. R. Grace & 
Co. to make a thorough study of the economics of a privately owned and op 
erated fuel reprocessing plant designed to meet the particular requirements of 
the participants in the study. The study is being led by Davison and has the 
full cooperation of the Atomic Energy Commission. It is contemplated that 
the participants will construct a reprocessing plant if the study confirms present 
rather reasonable hopes that such a plant will prove economical. 

It appears to us that the Atomic Energy Commission’s civilian power program 
is developing satisfactorily. It is exploring a very broad field and is placing 
emphasis on promising methods. We are particularly in accord with the 
emphasis being placed on fuel and fuel-cycle development. We feel that the 
ultimate solutions to the problem of economic atomic power lie in the fuel 
eycle. It is our recommendation that maximum effort be exerted in this area. 

We appreciate the opportunity to present our views and we stand ready to 
cooperate in the event you should request any further information or assistance. 

Very truly yours, 


Nc 


OS repent ee 


ALLEN S. Kine. | 


STATEMENT TO JOINT COMMITTEE ON ATOMIC ENERGY, CONGRESS OF THE UNITED 
States, Section “202” Heartmnes By A. A. MICHAUD, VICE PRESIDENT, NUCLEAR} 
CORPORATION OF AMERICA, ISOTOPES SPECIALTIES COMPANY DIVISION 


Our company, Isotopes Specialties Co., is a division of Nuclear Corp. off 


America. For approximately 8 years we have been a commercial supplier off 


radioisotope-based products to American industry, agriculture, medicine, and) 
education. During this period we have had our ups and downs along with 
everyone else in the industry. We have been carried along on the vibrant 
enthusiasm of many speakers in both industry and Government. We have beet 
brought up short and hard against the harsh realities of the industrial picture 
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We have found that, in our opinion, the development and growth of the atomic 
energy industry is beset with many complicated and difficult-to-handle prob- 
lems. I personally feel that in the optimistic days of atomic energy industry 
many of these problems were either not clearly seen or were ignored in dis- 
cussing industrial progress. Consequently, when we now meet these drawbacks 
they are greatly magnified and appear to present unreasonably large obstacles 
to our atomic energy industrial progress. 

Perhaps one of the clearest examples of this type of interference is that of the 
low level waste disposal situation. It hardly seems necessary to point out 
that as radioisotopes are used, radioactive waste byproducts are also produced. 
It is very difficult to see how, in the early days of optimism, that the complete 
picture was not seen to include the problems of handling these waste products. 
Great emphasis was placed on the savings industry would make in using radio- 
isotopes. Considerable energy was spent in developing new industrial utiliza- 
tion of radioisotopes. At the same time, and strictly proportional to the success 
of radioisotope utilization, radioactive wastes were produced. I refer here to 
the low-level waste that even includes things like cleaning tissues and cotton 
swabs used in wiping encapsulated radioactive sources. Common things, such 
as wiping rags, floor sweepings, pieces of pipe, and even shower water, repre- 
sent these radioactive waste materials. These very unromantic materials have 
plugged the normal stream of industrial utilization of radioisotopes. Within 
the past month we in California have seen a fantastic mess generated over 
handling radioactive waste. The Long Beach story was complete with road- 
blocks, claim and counterclaim, flying trips by AEC representatives, and even 
the last-minute apearance of the Coast Guard commandant in charge of the port. 
Here was a grimly sad situation in which a multi-million-dollar industrial set 
of gears was well sanded by a pitiably small amount of real problem and an 
extremely large amount of confusion. 

The effect of this situation has been adverse in the local market. People who 
were fairly close to isotope utilization are now placing great emphasis on the 
caution that must accompany such use due to these waste disposal fiascoes. The 
success of our company (and I am sure all the others in this field) depends on 
selling radioisotope applications to industry. As in selling anything, the best 
sale is made on a clean nonentangling basis. That is, when an item or service 
is sold it must be sold on a complete package deal. As it is now, the lack of 
attention paid to the waste disposal problem puts a tremendous block to normal 
industrial sale and usage. 

We receive inquiries regularly from customers ranging from the very small 
users of tracer amounts of radioisotopes to power generator reactor operators. 
These people are asking for help with waste disposal. Some of them are brought 
very abruptly to face the fact that without this answer they cannot start their 
process. We, in turn, must tell these people very factually that as of this min- 
ute the waste disposal problem is in the process of evolution. 

Last July our company made several strong representations to the AEC ask- 
ing for land site operations regarding low level waste disposal. The ocean dis- 
posal system had very obviously given rise to a tremendous host of conflicting 
feelings. These feelings were represented by fish and game clubs, wildlife pro- 
tective associations, commercial fishing organizations, State public health 
boards, etc. Add to this the great murmur of the general public and it would 
seem that our ocean disposal program, regardless of its technical soundness, will 
be, and is now, hamstrung by public pressures. This leaves us with a very 
obvious place to turn—and that is land areas. 

We have now in the United States sites which are under the control of the 
Atomic Energy Commission. These sites are to a more or less degree contami- 
nated with radioactivity. They are the center of skilled technical ability in 
controlling and handling radioactive materials. It seems obvious that these rep- 
resent an immediate answer to our low-level waste problems. It is encouraging 


to note that on January 28 the Atomic Energy Commission issued a news re- 
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lease saying that sites were being made available. It is our hope that this 
will be translated to a working procedure before too long. 

Our company is a waste handler. Consequently, we are dramatically aware 
of the great importance that this little-studied problem hus on the effect of the 
total atomic industry program. It would be our hope that the Commission would 
encourage a complete national study of low-level waste to produce an actual 
catalog of these materials by location, isotope, and physical state. This would 
then be integrated into a handling problem which could be met by using cur- 
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rently established atomic energy sites. This would give a great boost to indus- 
trial utilization of radioisotopes. It would enable customers such as ourselves 
to go out and sell radioisotopes on a complete package deal. We could tell our 
customers that the waste handling problem is under control and has a definite 
procedural setup whereby their waste can be handled. 

It is our hope that this Joint Committee will consider establishing a special 
task force to first bring the low-level waste disposal problem into sharp, clear 
focus, and then to make sure that proper procedures are set up to utilize existing 
AEC sites for orderly disposal of these low-level wastes. 

It goes without saying, of course, that the same program must hold true for 
high-level waste. 

The growth of radioisotopes in industry has been slow and at times discour- 
aging. However, we feel that this technology will become an established part 
of America’s industrial picture. It will call for a very hard selling job. It will 
require a complete knowledge of all the problems attending the sale and applica- 
tion of radioisotopes. articular emphasis placed on any one highlight will 
cause trouble, inasmuch as the total picture is often different from any highlight 
featured in a popular magazine, article, or speech. It is obvious that there is 
no magical formula to produce the success, or it would have been found by the 
otherwise very successful large companies already working in this field. 

Industry is no different in its attitude toward radioisotopes than it is toward 
electronics, hydraulics, or mechanics. Industry must have a reason to buy 
radioisotopes. This reason requires increased efficiency over existing means. 
Industry cannot, and will rarely, be bothered with the problems associated with 
utilization of radioisotopes. These problems are for us, the producing indus- 
try, to iron out. A realistic attitude on our part will clearly indicate that our 
approach must be scaled to the size of the problem, the potential market, and the 
state of the art. These factors become hard taskmasters but they will keep our 
program in line. 

There are a few areas in which the Commission might help by reducing their 
direct competition with industry. When we meet these situations we take the 
matter up with the Commission. In every case we are most happy to report a 
most cooperative attitude. We hope this will result in action. The members 
of the Commission are always extremely helpful. They have a tough job. They 
must push the use of radioisotopes. They must regulate the use of radioisotopes. 

I think they are doing a darned good job in this most difficult feat of pushing and 
pulling on the same rope. 

We can’t come up with any button to push in order to solve all the problems; 
we don’t expect to. We expect to make progress by steady work in understand- 
ing the application of radioisotopes to industrial problems. 


ADDENDUM TO STATEMENT 
ADDITIONAL DETAIL DATA CONCERNING LOW-LEVEL WASTE DISPOSAL 


It might be of interest to follow up our preliminary general statement of 
February 17, 1960, with additional details concerning our actual experience with 
problems involved in handling low-level waste materials. 

We can start with our initial contract with the Air Force. This was awarded 
on August 18, 1958, and provided for the payment of $4.99 per cubic foot for our 
handling their radioactive waste. This contract begot a whole series of very 
costly events. It is true that at the time the contract was let the current exact 
specifications covering waste disposal were not set. Thus, we were faced with 
a changing picture which involved continuous discussions regarding actual 
dump sites, packaging specifications, etc. Along with this there occurred a 
continuing series of difficulties with shipments which resulted in a very poor 
operation from an economic point of view. One illustration of this was a ship 
ment of about 3,700 cubic feet, made up of 58,000 pounds, of miscellaneous con- 
taminated metal-alloy beams, boxes, ovens, and other structural members. This 
arrived in an open-truck condition. It was not packaged in containers. The par- 
ticular alloys involved were extremely hard and required the expenditure of 
many cylinders of cutting gas and time in cutting them up for disposal. The 
entire processing job produced 250 barrels of waste. Based on the contract pay- 
ment rate, this was an equivalent payment of $7.40 per barrel. Later on we will 
point out that an estimated minimum charge of $22 per barrel seems about the 
best one could do with extremely low-level waste. Hence, this particular op- 
eration resulted in a substantial loss. I might point out, however, that the 
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Air Force did provide additional payment for the direct out-of-pocket costs in- 
volved in cutting up and unloading this material. 

In yet another case involved in the same contract, we received notification of a 
rail car of waste stored at our local Southern Pacific freight office. We were 
informed that this car could not be released before demurrage was paid. In 
checking with our local Air Force contracting officer, it was requested that we 
provide the demurrage charge. Accordingly, we wrote out our own company 
check and had it delivered in person in order to get the car released. In the 
car were 11 very small drums of radioactive material, which weighed exactly 
1,183 pounds. The freight handlers were all worked up about the radioactive 
nature of the car and were all the more taken aback at the few small paint 
drums that were in the car. 

Another incident, and one that is still in the claiming process, involved our 
receipt of a quantity of radioactive waste under a Government bill of lading. 
This material was received by us without prior notification, and accordingly we 
contacted the local Air Force office as to disposition. We received a request to 
prepare this shipment for retransportation to another waste-disposal concern in 
New Jersey. Naturally, we were quite interested in this procedure whereby 
a load of radioactive waste went from Texas to Los Angeles, and now was going 
back to New Jersey. However, we complied with the Air Force request. In 
order to do this we had to handle the material using proper safety procedures. 
In this process we accumulated modest costs for the unloading, reloading, stor- 
age, and general safety precautions involved with this material. We requested 
payment of $400 to cover the total job from the Air Force, and this was 
promptly rejected because we did not have prior authority to do the work. 
This is still in the discussion stage. Perhaps the most confusing part of the 
whole contract was a supplemental agreement we received, properly signed by 
the contracting officer, increasing the payment from $4.99 to $6.50 per cubic 
foot. This, we thought, was probably brought about by other contractors who 
got into the picture during a later stage, and accordingly asked for a change 
in pricing. We very happily signed this supplemental agreement, sent it back 
to the Air Force base, and in due time received our countersigned copies for 
our files. Shortly thereafter, however, we received another amendment point- 
ing out that the supplemental agreement which we had previously signed increas- 
ing the rate contained a “scrivener’s error” and consequently was to be ignored. 
We know of many cases in which contractors made “scrivener’s errors,” but such 
errors seem to be contractors’ liabilities. 

This experience picture clearly shows the complexities of the problems involved 
in handling waste material. It must be kept in mind that this contract was 
probably a new experience for the particular Air Force group involved, hence 
the many problems. Unfortunately, these problems cost us direct money. 

The actual details of handling the waste will also help to clarify the picture. 
To begin with, as you know there are four basic types of emissions—alpha, beta, 
gamma, neutron—and a fifth class which is a “duke’s” mixture. The physical 
condition of the material presents the next big variable, and this is extreme 
indeed. It can range from liquids to gases, and quite often includes odd-shaped 
articles such as large aircraft tires, I-beams, structural materials, ete. The 
energy level and specific activity of the waste is still another factor that must 
be taken into consideration. We begin the packaging operation with a set of 
well-defined current specifications. The activity level, for example, cannot 
exceed 200 milliroentgens at the surface or 10 milliroentgens per hour 1 meter 
from the surface. In using a 55-gallon drum, heavy duty (18-gage steel must 
be used), the drum must be tight, must weigh 550 pounds minimum, and in our 
case is to be reinforced with specified reinforcing bars. These are not exclusive 
requirements as there are other specifications pertaining to the packaging. 

One set of cost calculations indicates that a minimum of $25 is required to 
produce such a minimum activity drum ready for dumping. It must be pointed 
out that these costs refer to ideal conditions in which solid, rather dense, and 
low energy beta wastes are concerned. There can be quite a range of figures 
quoted to come up with typical drum prices. However, there are certain basic 
costs of material and time. To these must be added overhead and a profit factor. 
These latter two vary widely from company to company. 

In order to produce the maximum allowable readings at the drum surface, we 
must hold the contained radioactivity to perhaps a few millicuries of gamma 
emitters. This would mean that 1 curie of high energy gamma waste would 
result in 500 drums of packaged waste. This is a cost of $12,500 to package 
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1 curie of gamma emitter based on a $25 per drum cost. Again, we must say that 
these are typical figures and will be subject to some modification. Our experi- 
ence in handling odd-shaped wastes requiring encasement in concrete shows that 
the costs go up much higher than those for drummed materials. We have had 
one case, for example, where in order to handle a long object of approximately 
2.2 cubic feet we had to prepare a 3 cubie foot concrete coffin. This had to be 


het 


poured in place and required $227 worth of direct time and material. This 
produced an out-of-pocket cost of approximately $110 per cubic foot. There is 
always a question in handling odd-shaped objects as to whether they should be 
encased in concrete in a form or cut up. Our experience to date has indicated 


that encasement in concrete is the safest procedure. Each unusual shape requires : 


specific AEC approval and this, too, requires time. 


All the discussion thus far is centered about the trials and tribulations of the | 


radioactive waste handler. The figures indicate the general cost areas that must 
be applied if a profit is to be made in handling radioactive waste. Relatively 
low level material can be packaged in a drum at a cost in the neighborhood of 
$25 to $35 for a few millicuries of waste. Again, the physical form of the waste 
is often as important as the activity. For example, a major oil company involved | 
in a piston-ring experiment may produce 100 barrels of contaminated oil per | 
year. There might be only a few microcuries per barrel, but the problem of 
converting this lighter-than-water material to a sinkable waste produces an | 
indicated cost of up to $150 per drum. Thus, the cost of running a piston-ring | 
experiment might be in the neighborhood of $15,000 for the waste disposal alone. 
It is quite probable that this particular waste might better be handled by incin- 
eration, ete., but the $15,000 figure remains as a ballpark figure for handling it | 
under current ocean disposal criteria. | 

It is quite evident that the cost of handling waste products can be a significant | 
factor in calculating the overall benefits to isotope users. In many cases isotope 
users can save considerable expense by doing a lot of the pretreating and pre- 
packaging themselves. Many handlers will charge on a combination volume 
weight-activity basis. The user should be aware of all the pricing factors in order 
to provide the waste-product handler with the most economic package from the 
user point of view. These problems may sound quite complex, but we feel they 
are only so because probably the attention paid to them was not quite in propor- 
tion to the main isotope use studies. We feel sure that continued AEC coopera- 
tion in developing landsites and additional ocean-disposal criteria will solve the 
problem for the benefit of all radioisotope users. 

It has been pointed out that the AEC budget for developing industrial usages 
of radioisotopes is quite minute compared with the huge outlays for reactors. 
By the same token, our waste-disposal efforts have been equally minute in dollar 
expenditures versus the major reactor programs. 

Despite this, the “trouble” factor produced by waste-disposal problems is just 
as large as any other, hence it deserves major league attention. 

Respectfully submitted. 


A. A. MICHAUD, 
Vice President, Nuclear Corporation of America, Isotopes Specialties 
Co. Division. 





NUCLEAR ENERGY LIABILITY INSURANCE ASSOCIATION, 
New York, N.Y., February 12, 1960. 
Hon. CLINTON P. ANDERSON, 
U.S. Senator from New Mevico, 
Chairman of the Joint Committee on Atomic Energy, 
Washington, D.C. 

My Dear Senator: Mr. Hubert Yount, executive vice president of the Liberty 
Mutual Insurance Co., has informed me that you have suggested in a letter to! 
him dated January 7, 1960, that it might be advisable for the nuclear-liability- 
insurance pools to make known to the Joint Committee at the 202 hearings their 
eoncern with the fact that insignificant amounts of their capacity are being 
employed. Accordingly, I am enclosing for inclusion in the record of the hearings 
on the development, growth, and state of the atomic energy industry which 
begin on February 16, 1960, a copy of statements which were submitted to the 
U.S. Atomie Energy Commission by the following pool representatives : 

1. Hubert W. Yount, executive vice president, Liberty Mutual Insurance Co, 
Boston, Mass. ; 
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2. Manning W. Heard, executive vice president, Hartford Accident & Indem- 
nity Co., Hartford, Conn. ; 


3. Charles J. Haugh, vice president of the Travelers Indemnity Co., Hartford, 
Conn. ; 


4. Guy E. Mann, senior vice president of the Aetna Casualty & Surety Co., 
Hartford, Conn. ; 


5. J. Dewey Dorsett, general manager, Nuclear Energy Liability Insurance 
Association, New York City, N.Y. 

These statements were delivered on January 19, 1960, at a meeting with Com- 
missioners Floberg and Graham, General Manager Luedecke, and other members 
of the Commission staff. 

Representatives of NELIA will be more than happy to be present at the hear- 
ings on any day you might select to answer any questions that might occur to you 
or other members of the Joint Committee or to provide additional details supple- 
menting the enclosed statements. 

Ten additional copies of the statements will be mailed to you at the offices of 
the Joint Committee on Atomic Energy. 

Most sincerely, 
J. DEWEY DORSETT, 
General Manager. 





STATEMENT SUBMITTED BY HuBEeRT W. YOUNT, EXECUTIVE VICE PRESIDENT, LiB- 
ERTY MUTUAL INSURANCE Co., Boston, MAss., To U.S. Atomic ENERGY Com- 
MISSION ON JANUARY 19, 1960 


PRIVATE INSURANCE AND THE FINANCIAL PROTECTION REQUIREMENTS OF THE ATOMIC 
ENERGY ACT OF 1954, AS AMENDED 


My name is Hubert W. Yount, executive vice president, Liberty Mutual In- 
surance Co., Boston, Mass. I am also chairman of the underwriting committee 
of the Mutual Atomic Energy Reinsurance Pool. In order to understand the 
position and objectives of our industry, I will state briefly what our American 
insurance companies, stock and mutual, have done since the enactment of the 
Atomic Energy Act of 1954. This has required a major effort to put our com- 
panies in a position to provide the insurance service and protection which we 
were told would be required by persons operating nuclear facilities or furnishing 
services to such facilities and were necessary for the protection of the public. 

Five years ago the Atomic Energy Commission appointed a group of insurance 
executives to study the insurance problems which would result from private 
industrial participation in the new program. We respectfully refer you to the 
first and second reports made to the Commission by the group. After deciding 
that the hazards were insurable and that an intensive program of loss pre- 
vention and inspection service was imperative, the members of this group took 
the lead within the respective segments of the industry in developing a broad 
program of insurance coverage and service. 

The first step was the organization of three pools, or syndicates, to write in- 
surance for nuclear facilities. By June 1956, these three pools—Nuclear Energy 
Liability Insurance Association (NELIA) Nuclear Energy Property Insurance 
Association (NEPIA), and Mutual Atomic Energy Reinsurance Pool 
(MAERP)—through their more than 300 member companies in the United 
States and worldwide participation of foreign reinsurers, had marshaled for 
any one location an aggregate underwriting capacity in excess of $125 million. 
Of this capacity, the largest amount ever before offered in the worldwide his- 
tory of insurance, $60 million was made available for nuclear energy liability 
insurance, $46,500,000 from NELIA and $13,500,000 from the mutual companies, 
through a primary underwriting syndicate, Mutual Atomic Energy Liability 
Underwriters (MAELU) whieh is in turn reinsured by the Mutual Pool 
(MAERP). 

Having developed maximum insurance capacity, a second problem was that 
of the coverage which would be provided. Because the insurance capacity de- 
veloped was believed insufficient to meet the losses which might result from a 
major nuclear catastrophe, Government indemnity was finally provided under 
the Price-Anderson Act after nearly 2 years of hearings and discussions. Dur- 
ing the past 3%4 years, representatives of NELIA and MAELU have worked 





1 AEC release No. 662, dated July 13, 1955; AEC release No. 796, dated Mar. 19, 1956. 





530 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


with the staff of the Commission, with the Joint Committee of the Congress, 
and with the atomic energy industry in a cooperative effort to develop a sound 
nuclear energy liability insurance program supplemented by a sound Govern- 
ment indemnity program. These programs have been designed primarily for 
the protection of the public but also give the protection needed by those directly 
engaged in the atomic energy industry. 

As a result of this effort, the operator of a nuclear facility can now buy a 
nuclear energy liability policy facility form which is not only the broadest lia- 
bility insurance contract ever written in the United States and elsewhere but 
also provides more capacity than any previously written. The amount of pro- 
tection offered is a maximum of $60 million. The policy covers, first, any per- 
son or organization (except the United States or any of its agencies) legally 
responsible for the occurrence of a nuclear incident arising out of the operation 
of the insured facility is an insured under the policy. Second, the policy covers 
damage to property of an insured which is away from an insured facility. 

Third, the policy protects an employer or his workmen’s compensation carrier 
against loss by reason of injuries to his employees who are employed away from 
the facility. The policy is not written for a limited term, but rather remains in 
effect from its effective date until terminated in accordance with its terms. In 
this connection see insuring agreements I, II, and IV of the policy, a copy of 
which is attached to this memorandum. 

A third major problem has been the development of a specialized loss-preven- 
tion and inspection service which we have regarded as an absolute requirement 
for the protection of the public, the Government, and of our own companies. 
Casualty insurance is not satisfied merely with payment or indemnity but re 
gards the prevention of losses as one if its more important functions. In that 
connection it has been dealing with radiation sources and radiation injuries 
since the turn of the century. Since 1954 the casualty companies have employed 
or trained a number of health physicists and other engineers in nuclear problems. 
They have also trained other engineers in radiation detection and safety. Asa 
result, NELIA and MAELU are giving operators of insured nuclear facilities an 
inspection and loss-prevention service that they would find difficult, if not impos- 
sible, to get anywhere else. In addition, NEPIA and MAERP inspectors on the 
physical damage problems of nuclear insurance are also trained in safe operation 
and in the protection of the property of the facility. All of these inspectors work 
with facility operators to prevent damage to facilities, injuries to employees and 
to the persons and property of the public. They cooperate with the Commission 
in enforcing its safety regulations. These services are today a normal part of 
the insurance business which long ago abandoned the concept that mere indem- 
nity for a loss sustained is an adequate answer to the perils incident to modern 
industrial operations. 

A fourth problem has been the organization and mobilization of our casualty 
industry experience and personnel to handle the special types of claims resulting 
from nuclear hazards. Through their member companies, NELIA and MAELU 
have available for their policyholders the services of thousands of skilled field 
claimsmen now working in insurance company offices throughout the United 
States. Within a few hours after receipt of notice of an incident either NELIA 
or MAELU will have claimsmen at the scene to start investigation into the cause 
of the accident and the extent of any resulting injury to persons or property 
NELIA and MAELU have together perfected plans for the investigation and 
handling of claims resulting from a nuclear disaster. In cooperation with mem- 
bers of the staff of the Commission they are working on the preparation of a list 
of physicians and hospitals qualified to treat persons suffering from radiation 
injuiries. They are likewise compiling a list of qualified nuclear physicists and 
other experts whose services will be valuable in connection with the investiga- 
ton of a nuclear incident, the decontamination of property and other technical 
problems which will follow such an occurrence. 

In the investigation and handling of claims and defense of suits resulting from 
a nuclear incident, the work of field claimsmen will be supervised and guided 
by experienced claimsmen and lawyers on the home office staffs of the member 
companies of NELIA and MAELU. Some of those companies have given select- 
ed members of their home office departments special training to fit them to deal 
with the peculiar problems they will meet in supervising the investigation and 
handling of claims and suits resulting from nuclear incidents. 

The technical services above described, which the policyholders of MAELU and 
NELIA will receive, are not ordinarily for sale'as such. They parallel the serv- 
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ices given by a casualty insurer to its industrial risk policyholders. Such services 
are part of the modern concept of insurance which includes not only the accept- 
ance of risk of loss, but the prevention and control of loss and the spreading of the 
cost of service and losses over as wide a base as possible. 

This principle of insurance spread would be violated if the Commission should 
fail to require any financial protection as proposed with respect to certain projects 
or should require inadequate financial protection as respects other projects. 
What is perhaps of even more importance, however, is the implied willingness to 
sacrifice public protection through the prevention of loss. Indemnification after 
a loss is a poor substitute for the prevention of loss to the extent that the services 
described above can prevent or minimize losses. It should not be necessary to 
subsidize the cost of necessary services on nuclear hazards from other business. 
It is only equitable that such exposures should provide through a broad premium 
base adequate income to maintain a proper standard of service. This cannot be 
accomplished unless the Commission applies broadly and equitably the require- 
ments for financial protection. 

A fifth problem has been that of pricing and premium determination for 
nuclear liability insurance coverage and service. The aggregate of the premiums 
for any kind of insurance must be an amount sufficient to cover losses and 
expenses, plus a margin for profit and contingencies. Over the years the cost 
of any kind of insurance is determined by experience. In most lines of property 
and casualty insurance, underwriters, from analysis of past premiums and 
losses, With due consideration to present trends and changing times, can de- 
termine with reasonable accuracy the losses and expenses which will be incurred 
on business written. 

Such a determination is not possible with respect to nuclear energy liability 
insurance. The nuclear arts are still new, changing, experimental. There is 
no past experience on which to base premiums. Moreover, there is present 
a risk, remote but nevertheless real, that a catastrophe costing many millions 
of dollars will occur. Hence, the problem facing NELIA and MAELU was to 
develop a premium plan which would produce the funds necessary (1) to pay 
expenses other than loss expenses, (2) to pay for ordinary losses and loss 
expenses, and (3) to permit the accumulation of a reserve for catastrophe losses, 
and which would, over a period of years, if there were no catastrophe losses, 
result in the losses and expenses actually incurred by the insurers determining 
the final premiums paid by those persons engaged in the atomic energy industry. 

The industry credit rating plan adopted by NELIA and MAELU meets the 
requirements above outlined. The initial premium charged an insured for 
nuclear energy liability insurance is a provisional premium. A proportion of 
every provisional premium received is set aside in a reserve fund. That pro- 
portion ranges from 67 percent on small risks to a maximum of 75 percent 
on large risks. The funds so accumulated will be used only for the payment 
of losses and loss expenses and for return premiums on cancellations for a 
period of 10 years. During the 11th year, if the losses and loss expenses in- 
curred, including reserves for unpaid losses and loss expenses, during the 
10-year period are less than the total aggregate deposits in the reserve fund 
for the 10-year period, a refund will be made to first-year policyholders. To 
illustrate, assume that at the end of 10 years there is in the reserve fund a 
balance of $10 million, after deducting losses and loss expenses incurred. Assume 
further that the provisional premiums paid the first year were 2 percent of 
the aggregate 10-year provisional premiums. Two percent of the reserve fund 
balance, or $200,000, would be distributed ratably among the first-year in- 
sureds. This procedure will be repeated annually so long as the rating plan 
remains in effect. In the event unfavorable loss experience makes impossible 
a refund for any year, the provisional premium paid by each insured for that 
year becomes the final premium for that year. If and when the rating plan 
is terminated, any amount remaining in the reserve fund will be disbursed in 
accordance with the provisions of the plan, or in other words will be used for 
the payment of losses and loss expenses or for refunds to insureds. In short, 
the rating plan so operates that it is certain that approximately 70 percent of 
the provisional premiums paid to NELIA and MAELU on nuclear energy liability 
Insurance will be used to pay losses and loss expenses or returned to the pur- 
chaser of such insurance. If the aggregate of losses and loss expenses exceed 
the aggregate amount allocated to the reserve fund, the members of NELIA 
and MAELU and their reinsurers stand the loss. 

_ Admittedly, today no one knows whether the provisional premiums estab- 
lished by the rating bureaus for facilities insured by MAELU and NELIA are 
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reasonable and adequate, too low or too high. Only the experience of a number 
of years will answer those questions. One fact is certain, however, and that is 
that the industry credit rating plan will so operate that the ultimate cost of 
nuclear energy liability insurance will be reasonable. Furthermore, it should 
be noted in passing that the development expenses of the nuclear program to 
our casualty companies to date reflecting the time and travel of salaried per- 
sonnel—legal, underwriting, loss prevention, claim, actuarial, and other tech- 
nical people—cannot possibly be recouped in the foreseeable future through 
the company expense allowances in our nuclear liability insurance premium 
income. 

To conclude, the members of NELIA and MAELU at substantial expense, 
have placed themselves in the position to act as a supplier to the atomic energy 
industry—a supplier, first, of broad insurance protection and second, of needed 
loss prevention, claims, and legal services. Both facets of this program are 
essential to the atomic energy industry and to the public. The development 
expenses in building this program have been comparable to those of other 
segments of industry active in the nuclear energy field. The casualty insurance 
industry undertook the program I have described at the request, I should say 
the urging, of the Joint Committee of the Congress and of the Atomic Energy 
Commission. We submit the Government should not usurp a field in which 
private industry is not only ready and willing to perform at reasonable cost 
but to provide services not otherwise available for the protection of the public. 


STATEMENT SUBMITTED BY MANNING W. HEARD, EXECUTIVE VICE PRESIDENT, 
HARTORD ACCIDENT & INDEMNITY Co., HARTFORD, CONN., TO U.S. ATOMIC ENERGY 
COMMISSION ON JANUARY 19, 1960 


PRESENT POSITION OF THE INSURANCE INDUSTRY IN THE ATOMIC ENERGY PROGRAM 


My name is Manning W. Heard and I am executive vice president of the 
Hartford Accident & Indemnity Co., of Hartford, Conn. 

Having just heard from Mr. Yount the history of the extensive nuclear 
energy insurance facilities created by the insurance industry, stock and mutual, 
at the urging and request of the Congress and the Atomic Energy Commission, 
may we describe the position in which the insurance industry now finds itself. 

We feel that we are being denied a significant part in the development and 
utilization of atomic energy for peaceful purposes. 

And yet we find congressional and executive expressions of governmental 
policy clearly indicating that the insurance industry, like other private enter- 
prise, should be invited to play an important part in the growth and develop- 
ment of the atomic industry. 

The policy of the United States with respect to the position of private enter- 
prise—in which insurance plays a vital part—was clearly enunciated in section 
1 of the original Atomic Energy Act of 1954 wherein it was declared that a 
purpose of that act was to “strengthen free competition in private enterprise.”’ 

The concept of teamwork between government and industry is woven into 
the legislative history of the original Atomic Energy Act of 1954. May we quote 
from Senate Report No. 1699 accompanying that act: 

“We do not believe that the efforts of free enterprise, using its own resources 
and moneys, are by themselves adequate to achieve the speediest possible attack 
on the goal of peacetime power. Neither do we believe that maximum progress 
toward this objective will be afforded by an effort relying exclusively on 
governmental research and development, using the public’s moneys. We believe, 
rather, that teamwork between government and industry—teamwork of the 
type encouraged by these amendments—is the key to optimum progress, efficiency, 
and economy in this area of atomic endeavor.” (U.S. Code Congressional and 
Administrative News, 88d Cong., 2d sess., 1954, p. 3464. ) 





1“SEcTION 1. Declaration: 
“Atomic energy is capable of application for peaceful as well as military purposes. It 
is therefore declared to be the policy of the United States that— 

“b. The development, use, and control of atomic energy shall be directed so as to 
promote world peace, improve the general welfare, increase the standard of living, 
and strengthen free competition in private enterprise. 

“The Atomic Energy Act of 1954 containing this declaration of policy was adopted by 
both Houses of Congress by votes which included a majority of both parties.” (Atomic 
Ind. Reporter, 203: 4.) 
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It is the present state of this teamwork between government and the insurance 
industry which brings us before you today. 

After the passage of the original Atomic Energy Act of 1954, it became 
apparent that the atomic industry’s inability to secure adequate financial pro- 
tection against the risk of unprecedented liability was threatening the national 
objective.’ 

On March 25, 1957, the Chairman of the Atomic Energy Commission at hearings 
held by the Joint Committee on Atomic Energy highlighted that the lack of 
adequate protection against liability was one of the major obstacles to atomic 
energy development.® 

To remove this major obstacle, steps were taken to amend the Atomic Energy 
Act of 1954. On September 2, 1957, the President approved Public Law 85-256 
(71 Stat. 576) and therein we find a clear expression of congressional and 
executive intent to the effect that U.S. funds may be made available not for all 
but for a portion of the damages suffered by the public from nuclear incidents.‘ 

We emphasize that the Congress declared that “the United States may make 
funds available for @ portion of the damages” because it is our position before 
you today that an administrative pattern has arisen which in the license pro- 
gram has made United States funds and resources needlessly paramount to 
those available from private insurance industry and, in the contractor program, 
administrative action has excluded private insurance almost entirely. 

Both, we submit, are inconsistent with the findings and statement of policy 
of the Congress of the United States. 

Sections 170b and 170g were enacted in 1957 to carry out the governmental 
policy of using “to the maximum extent practicable, the facilities and services 
of private insurance organizations.” ° 

In reference to these sections, it is of real interest to note the following com- 
ments contained in Senate Report No. 296 (85th Cong., 1st sess.) : 

In reference to 170b: 


“One point of caution should be mentioned. The reference to the cost of in- 
surance in this subsection is not intended to encourage the Commission to under- 


cut the amounts of private insurance provided at reasonable rates.” (S. Rept. 
No. 296 at p. 20.) 


2“To the extent that private industry is unable to secure adequate financial protection 
against the risk of unprecedented liability and is consequently reluctant to proceed with- 
out such protection, the achievement of a major national objective is threatened.” 
(“Columbia University Legislative Fund, Financial Protection Against Atomic Hazards” 
January 1957) (prepared as an independent research project for Atomic Industrial 
Forum, Inc.), p. 1.) 

3“The advocacy of the atomic energy industry for protection against Hability certainly 
has not lessened since last year. A few indications supporting this conclusion can be 
found in the statements made by members of the industry at a meeting of the Atomic 
Industrial Forum on this subject on Jan. 22, by the forum’s report on “Financial Protec- 
tion Against Atomic Hazards,’ by the forum’s poll of its members which indicated that 
lack of adequate protection against liability was one of the major obstacles to atomic 
energy development, and by the consensus expressed at the recent meeting of the Ameri- 
can Management Association.” (P. 3, statement by Lewis L. Strauss, “Insurance and 
Indemnity Legislation.’’) 

“Sec. 2. Findings: 

“The Congress of the United States hereby makes the following findings concerning the 
development, use, and control of atomic energy : 

“i. In order to protect the public and to encourage the development of the atomic 
energy industry, in the interest of the general welfare and of the common defense and 
security, the United States may make funds available for a portion of the damages suf- 
fered by the public from nuclear incidents, and may limit the liability of those persons 
liable for such losses.”” [Emphasis supplied.] 

'“170b. The amount of financial protection required shall be the amount of Hability 
insurance available from private sources, except that the Commission may establish a 
lesser amount on the basis of criteria set forth in writing, which it may revise from time 
to time, taking into consideration such factors as the following: (1) the cost and terms 
of private insurance, (2) the type, size. and location of the licensed activity and other 
factors pertaining to the hazard, and (3) the nature and purpose of the licensed activity : 
Provided, That for facilities designed for producing substantial amounts of electricity 
and having a rated capacity of 100,000 electrical kilowatts or more, the amount of 
financial protection required shall be the maximum amount available from private sources. 
Such financial protection may include private insurance, private contractual indemnities, 
self insurance, other proof of financial responsibility, or a combination of such measures.” 

* * . * 


“170g. In administering the provisions of this section, the Commission shall use, to the 
maximum extent practicable, the facilities and services of private insurance organizations, 
and the Commission may contract to pay a reasonable compensation for such services. 
Any contract made under the provisions of this subsection may be made without regard to 
the provisions of sec. 3709 of the Revised Statutes, as amended, upon a showing by the 


Commission that advertising is not reasonably practicable and advance payments may be 
made.”’ 
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In reference to 170g: 

“Subsection g requires the Commission to use to the greatest extent practica- 
ble the facilities and services of private insurance organizations. Under the bill, 
as drafted, the Commission is authorized to use the services of those organiza- 
tions which could provide real services to the Commission without requiring 
the Commission to build up an organization of its own. (S. Rept. No. 296 at 
p. 23.) 

These are congressional expressions of governmental policy, but the Congress 
has not been alone. As recently as September 21, 1959, the Executive Office of 
the President, Bureau of the Budget, stated in Bulletin No. 60-2 that: 

“2. Policy.—It is the general policy of the administration that the Federal 
Government will not start or carry on any commercial-industrial activity to 
provide a service or product for its own use if such product or service can be 
procured from private enterprise through ordinary business channels.” 

To summarize this background of congressional and executive policy—but, 
unfortunately, not administrative implementation—may we quote from the re- 
port of Columbia University’s “Financial Protection Against Atomic Hazards” 
(p. 46) : 

“There is general agreement that whatever Government program is adopted, 
insurance or indemnity, there should be room for the activity of private insurers, 
and that the Government should not cover liability from the ground up. Total 
Government indemnity would be at odds with the intent expressed in the 1954 
act to develop atomic energy within the framework of private enterprise where 
consistent with overall objectives. Furthermore, such action would be contrary 
to the practice which the Government has generally followed in other insurance 
programs. Where the Government has entered an area of possible conflict with 
private insurance, its entry has usually been conditioned on the nonavailability 
of insurance in the private market.” 

With the door thus opened for the insurance industry to play its part in the 
promotion of the peaceful use of atomic energy, what did it do? What team- 
work did it offer? 

Private insurance industry, stock and mutual, did this: 

1. It created, administered, and financed the stock and mutual nuclear energy 
liability insurance pools (NELIA and MAELU) and amassed the unprecedented 
liability capacity of some $60 million which is presently available. 

2. It assumed, under standard policies, the new and unknown burden of the 
nuclear energy hazard in workmen’s compensation insurance. 

3. It assumed, under standard policies, the new and undefined hazards arising 
out of the use of commercial radioactive isotopes. 

We are not here memely to sell insurance nor do we suggest that administra- 
tive regulations be biased on our behalf; but we would be less than frank if we 
did not insist that the insurance industry be treated before the Commission on 
a parity with all other private industry pursuant to expressed congressional 
and executive policy. 

The insurance business is, in a very real sense, the trustee of the public’s 
money. The very concept of insurance is to collect premiums from the many 
and pay claims to the few, and when administrative action needlessly restricts 
the use of private insurance and its underwriting capacity, it undermines and 
prejudices the validity of the insurance concept. The nuclear liability pools 
eannot insure just a few risks without violating the fundamental premise of 
insurance that there be a fair spread of risk. 

If, by administrative action, the insurance industry is denied such fair spread 
of risk and if, after it has created vast insurance capacity at the request of the 
Congress and the Commission, only a small part of that capacity is used because 
of administrative action, then the insurance position of our industry becomes 
untenable. 

Administratively, we are being denied the climate in which we can live in: 

1. The licensee program, which will be discussed later, wherein limits of finan- 
cial protection, and hence the area to be insured, have been proposed at levels so 
low that it would scarcely cover the injuries to a few people; and 

2. The contractor program, which also will be discussed later, wherein private 
insurance has been completely bypassed in favor of governmental indemnity, 
for example, in the power demonstration reactor program at Shippingport. 

We submit not that the insurance industry be specially favored but only that 
it not be excluded from what we view as our legislated right to participate in 
the future of atomic energy development on a reasonably sound insurance basis. 
We believe this to be in the public interest. 
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STATEMENT SUBMITTED BY CHARLES J. HAUGH, VICE PRESIDENT, TRAVELERS 
INDEMNITY Co. 


My name is Charles J. Haugh and I am a vice president of the Travelers 
Indemnity Co. 

The memorandum that Mr. Dorsett submitted with his letter of November 20, 
1959, to Chairman McCone points out that the method of determining amounts 
of financial protection proposed by the Commission has little relation to hazard. 
There are three things that strike me forcibly in this connection. 

The first, of course, is the small amounts of financial protection the regula- 
tions would call for in many instances. 

The second is the insurance limits purchased by those who work with nuclear 
material, but who do not quailfy for Government indemnity. 

The last is the expressions in the record about the unlikelihood of the in- 
demnity ever coming into play. 

Taking the points in order, let me cite a few examples of required financial 
protection. 

A 1-MW research reactor located anywhere must furnish $1,500,000 of 
financial protection as against available insurance of $60 million. Now, I am 
not talking about the probability of an incident, but rather what could happen 
if it did occur. I suspect that a maximum credible incident in such a reactor in 
a thickly populated area could cause great injury to persons and property and 
the resulting costs might even exceed $60 million. I recognize that all this does 
not leave the public without a means of recovery, but it is also clear to me that 
Government indemnity is being injected as the source of that recovery in pref- 
erence to insurance available from the liability pools. 

Similar illustrations can be drawn for a variety of situations, up to the 
point where the proposed regulations intersect the statutory requirement of 
maximum available insurance. For brevity, I offer only two. A 20-MW test 
reactor in a medium population location would have to provide $3,900,000 of 
financial protection, and a 50-MW power reactor in a low population area would 
have to provide $7,500,000 of financial protection. These figures are not realistic 
in terms of potential hazard, and one byproduct of this is that Government funds 
from the indemnity are needlessly exposed in an area where the insurance in- 
dustry stands ready to perform. 

Would reactor operators be content with insurance limits of this order if 
Government indemnity were not present and they were making their own inde 
pendent appraisal of hazard? We think not, for two reasons. First, limits of 
$10 million or more are frequently found in fields having nothing to do with the 
nuclear energy hazard. Second, there are concrete examples right in NELIA 
and MAELU. 

Chemical concerns and fuel fabricators working with appreciable quantities 
of clean cold special nuclear material do not come under the indemnity at this 
time. To my knowledge, the 2 pools are presently insuring 19 such risks, and the 
limits they have bought are: 
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a ON SOU igh saat nig Sw ta caccleapcaend cig enable Rabacca aaa aie 60, 000, 000 
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1 Average limit. 


If the study the Commission is making of the need for application of indemnity 
to fuel fabrication shows that it should be extended to these operations, will 
the level of financial protection be set low so that another segment of the market 
for insurance will be stripped away? 

The early record is replete with indications that the indemnity was thought 
of as a last resort and not as a regular working tool in otherwise insurable 
areas. 

Before the Joint Committee hearings in 1956 on governmental indemnity 
Senator Anderson sent an open letter to interested parties. Among other things 
he said (p. 2 of the record) : 
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“2. We need information on the range of rates to be charged by the private 
insurance industry. We recognize that this is difficult for the newly organized 
syndicates. But Congress must know whether private reactor operators and 
equipment manufacturers are going to be able to afford private insurance— 
otherwise the Government indemnity might extend downward to an unreason- 
able ertent. ‘Wecan’t buy a pig ina poke.’” [Emphasis added.] 

In the same 1956 hearings I find a colloquy between Representative Cole and 
Chairman Strauss (p. 7 of the record) speculating on possible increase in private 
insurance capacity in future years. Hope was expressed that this would come 
about with the accumulation of knowledge and experience. I submit, gentle 
men, that if the present stifling climate is continued, there is a greater chance 
of insurance capacity shrinking than expanding. There will not be what we 
eall a book of business to support the occasional heavy exposure of assets on the 
largest reactors. 

The May 9, 1957, report of the Joint Committee to Congress has a reference 
on page 9 to the anticipation of the committee that “there never will be any call 
on the fund for payments * * *” and on page 20 of the same report the following 
appears in the discussion of section 170b: 

“One point of caution should be mentioned. The reference to the cost of in- 
surance in this subsection is not intended to encourage the Commission to under- 
cut the amounts of private insurance provided at reasonable rates. Since the 
program is so new, and no experience as to the rates established the Commission 
must be in a position to set the amount of financial protection required at an 
amount lower than amount of private insurance offered if the rates appear high 
and all other factors indicate a lower amount is appropriate.” [Emphasis 
added. | 

To the best of my knowledge the Commission has not expressed the opinion 
that the prices and rating systems employed by the liability insurance pools 
produce unreasonable rates. This is understandable in that any loss and loss 
expense dollars ,not actually used for their intended purpose will be returned 
to customers through the operation of the long-term rating plan. 

Finally, I turn to the speech Senator Anderson made in the Senate on August 
16, 1957, when the bill that became Public Law 85-256 was passed. One sentence 
reads: 

“The best estimate of all who are concerned with the field is that the Govern- 
ment will probably never have to make any payments under this statute.” 

This does not sound to me like a man who was thinking in terms of $1,500,000 
of financial protection for a 1-MW reactor or $3,900,000 to $7,500,000 for good- 
sized test and power reactors. 

I should say here that I feel just as strongly as the previous speakers about 
the right of the insurance industry as a segment of private enterprise to perform 
where it can do so. I also know that they join with me in the feeling that when 
we find the Government moving into our house, criticism is not our sole function. 
We should record our objections and we are doing that here. We recognize an 
equal obligation to say what we think is equitable. 

With that in mind, let me make some more detailed points on the proposed 
regulation. 

In our opinion, the items of power level and population proposed by the Com- 
mission are reasonable as a means of establishing amounts of financial protec- 
tion for reactors. A population index can be unsatisfactory as a measure of 
property values, but we do not have an alternative to propose that would 
recognize property values in a numerical formula. 

Consequently, our quarrel is not with the items as such, but rather with the 
manner in which the Commission proposes to employ them. 

For power level the original straight line approach of $150 per KW is 
retained so that financial protection proceeds in even steps from the minimum 
to $60 million at 400-MW thermal. It seems patent to us that since relatively 
small reactors can conceivably cause damage well above $60 million, failure 
to employ larger proportions of available insurance capacity is the substitution 
of indemnity for it. We recommend that the straight line be replaced by 4 
curve that rises sharply in the lower power levels and then tapers off so as te 
reach total available capacity at 400-MW thermal. The curve we have it 
mind is based on three times the square root of the licensed power level it 
thermal MW multiplied by 1 million to produce an amount of financial protec 
tion prior to the application of a population factor. 

Our thought on the population criteria is that the values which have beet 
assigned to the indexes are too small. The proposed range is from 1 to 15 
applied as a multiplier to the amount of financial protection obtained from 
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the power level of the reactor. Admittedly, no set of values is subject to exact 
statistical proof, but we just do not think that a reactor incident in a thickly 
populated area would produce only half again as much damage as the same 
incident in the middle of a desert. We recommend that the values of population 
indexes be revised to range from 1 to 4. 

Lastly, with regard to a minimum amount of financial protection, we cer- 


tainly agree that the absolute minimum of $1 million contained in the proposed 
regulations should be retained. 


STATEMENT OF Guy E. MANN, SENIOR VICE PRESIDENT OF THE AETNA CASUALTY 
& SURETY Co., AT INSURANCE INDUSTRY MEETING WITH ATOMIC ENERGY COM- 
MISSION, JANUARY 19, 1960. 


My name is Guy E. Mann and I am senior vice president of the Aetna Casualty 
& Surety Co. 

Mr. Haugh has stated our position on what we believe to be the inadequate 
amounts of underlying financial protection required of licensees. 

We are equally disturbed that the Atomic Energy Commission has decided, 
in its discretion, to completely exclude private insurance against the nuclear 
energy hazard from the entire contractor program and to grant its contractors 
Government indemnity from the first dollar of liability loss. 

As you know, section 170d of the Atomic Energy Act of 1954, as amended 
by Public Law 85-256, gives the Commission discretionary authority to require 
its contractors to provide financial protection and to furnish Government in- 
demnity above the amount of financial protection required. This authority 
is applicable to lump-sum as well as cost-type contracts and to contracts and 
projects financed in whole or in part by the Commission. 

We submit that the decision to give Commission contractors complete in- 
demnity for liability claims and losses arising out of the nuclear energy hazard 
and thereby exclude private insurance from an area where it has demonstrated 
its capability to perform at reasonable cost is inconsistent with congressional 
intent, the policy of this administration toward private enterprise and the 
financial protection requred by the Commission under the licensee program. We 
respectfully ask that this decision be reconsidered. 

In urging reconsideration, we wish to emphasize that the insurance industry 
is not opposed to Government indemnity for Commission contractors in the 
protection of the public but we do believe that indemnity should only be used 
to the extent that private insurance is unavailable or cannot fully fill the need. 

We believe the decision of the Commission is inconsistent with congressional 
policy as expressed in the report from the Joint Committee on Atomic Energy, 
accompanying S. 2051, printed on May 9, 1957. In the section-by-section analysis, 
the following appears on page 21: “Subsection d authorizes the Commission to 
treat with its own contractors in the same way it can treat with licensees under 
the provisions of this bill.” 

The existing decision to require no financial protection of Commission con- 
tractors results in different, rather than the same, treatment of contractors and 
licensees. It also results in less protection to the public than is available for 
acomparable operation engaged in by a private licensee. 

We also believe it to be inconsistent with the administration policy in that it 
puts the Government and public funds in direct competition with private enter- 
prise. Bureau of the Budget Bulletin No. 60-2, issued September 21, 1959, states: 
“It is the general policy of the administration that the Federal Government will 
hot start or carry on any commercial-industrial activity to provide a service or 
product for its own use if such product or service can be procured from private 
enterprise though ordinary business channels.” 

It further provides: “Because the private enterprise system is basic to the 
American economy, the general policy establishes a presumption in favor of 
Government procurement from commercial sources.” The bulletin then goes 
on to recognize three compelling reasons for exceptions to this general policy. 
These are (1) national security, (2) relatively large and disproportionately 
higher costs, and (3) clear unfeasibility. 

In our opinion, a more consistent program with respect to the requirement 
of financial protection under the contractor program would be to utilize avail- 
able private insurance by requiring Commission contractors to provide finan- 
cial protection in the amounts established under section 170b for licensees in 
‘very case where the activity performed by a contractor would qualify for a 
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license. Such a decision would place comparable activities under both the 
licensee and contractor programs on an equal basis so far as the protection 
afforded the public and the use of private insurance were concerned. It would 
also recognize the general policy of the Congress and the administration and the 
exceptions enumerated by the Budget Bureau. 

The insurance industry is fully prepared to provide nuclear energy liability 
insurance on lal operations which would qualify for a license under existing 
Commission regulations and safety standards. Because of this, it seems to us 
that the decision to substitute indemnity for private insurance in this segment 
of the contractor program militates against, rather than presumes in favor of, 
private enterprise. 

We wish to make it completely clear that we have no objection to the use 
of indemnity from the first dollar of loss where the contractor is engaged in 
operations for the Commission involving national security or hazards which 
would not qualify for license under existing regulations. We recognize that 
such activities, while involving risk of substantial loss, are justified for military 
or perhaps other reasons. 

The nuclear insurance liability pools were formed, at the urging of the Com- 
mission and the Congress, to provide liability protection for operations which, 
while hazardous, were deemed to be sufficiently safe to warrant licensing by 
the Commission. We are, therefore, particularly disturbed that power reactors 
operated by Commission contractors under the power reactor demonstration 
program should involve no underlying insurance. Specifically, we are referring 
to reactors such as those at Shippingport, Piqua, Elk River, and Hallam. We 
see no difference between a utility operating such a reactor as a contractor and 
a utility operating its own licensed reactor and strongly believe that both should 
be subject to identical requirements as to financial protection. 

The fact that the Commission owns the reactor in one case and not in the 
other does not affect the hazard or the need for equal protection of the public 
and the legitimate interests of private enterprise. General taxpayer funds 
should not be committed for liability claims and losses to a greater extent under 
the contractor program than the licensee program as long as equal private insur- 
ance coverage is available. 

It seems likely that the power reactor demonstration program will be the 
principal vehicle by which large scale power reactors will be tested over the 
next few years. This likelihood is supported by the two press releases issued 
by the Commission on December 29, 1959, with respect to the boiling water and 
organic prototype reactors and the small pressurized waterpower reactor for 
which proposals have been received or requested. It therefore follows that ex- 
clusion of private insurance on these risks will make it impossible for the in- 
surance industry to develop the spread of risk so essential to sound insurance 
operation. 

In the development of the peacetime uses of nuclear energy, we, together with 
other segments of private industry, need broader experience. We need it so 
that our rating procedures and our safety engineering and claim service can be 
refined and perfected. This experience cannot be gained if we are to be ex- 
cluded from a principa! market as far as power reactors are concerned. 

It is our sincere belief that the present decision should be rescinded and that 
the Commission should require financial protection of its contractors engaged 
in operations which would be eligible for licensing. We urge you not to use 
indemnity as a substitute for insurance but only as a supplement to available 
private insurance. Essentially, all we seek is that the same principles be ap- 
plied to both the licensee and contractor program with respect to the use of 
underlying financial protection and the application of Government indemnity. 

We appreciate the opportunity to present our views on this subject which is 
so vital to us and are ready to cooperate with the Commission and its staff in 
any way possible. 


SUMMARY STATEMENT OF J. DEWEY DoRSETT, GENERAL MANAGER, NUCLEAR 
ENERGY LIABILITY INSURANCE ASSOCIATION 


In summary then, the liability pools feel that through administrative deci- 
sion, the Commission, in its license program and contractor program, has indi- 
cated an intention to afford indemnity in areas where private insurers are able 
and willing to perform. In the licensee program, the proposed formula fix ng 
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amounts of financial protection would effectively bar private insurance from 
a substantial market. In the contractor program, private insurers have been 
almost completely excluded from the market even in areas where the indemni- 
fied operations are virtually identical to those conducted under the licensee pro- 
gram. We urge you to reconsider these contemplated and existing Commission 
policies which militate against the efforts of Congress and the administration 
to foster private enterprise, in which we all believe. 





PIONEER SERVICE & ENGINEERING CoO., 
Chicago, Ill., February 25, 1960. 
Senator CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, 
Washington, D.C. 


DEAR SENATOR ANDERSON: Once more Pioneer Service & Engineering Co. wel- 
comes the opportunity to make a statement to be included in the record of cur- 
rent hearings pursuant to section 202 of the Atomic Energy Act of 1954. Our 
comments will be limited to atomic power and related aspects of the program. 

We have recently reviewed the AEC report of February 1960 on plans for 
development, civilian power reactor program. It is our opinion that this repre- 
sents a thoughtful and well-conceived plan. It has been our belief, and ex- 
pressed view in past statements, that the best interests of the nuclear power 
industry will be served by an orderly program which allows the greatest prac- 
tical accumulation of actual operating experience on the more promising reactor 
systems before commitments to a given system become inordinately great. We 
continue to feel that expenditure directed and tempered by the results coming 
out of full-scale plants represents the wisest use of funds. Proceeding in this 
direction we approach the normal pattern in which the power industry condd&cts 
its business. 

With such a practical framework for the expanding nuclear power program 
it is our feeling that industry will continue to respond in appropriate manner 
to the evidence and direction which emerges from the Commission's experimental 
program on reactors and associated elements. 

Even now industry is recognizing its role in research through the formation of 
the industrial reprocessing group composed of five electric utilities and a chemi- 
cal company which plans to study the technical and economic feasibility of 
design, construction, and operation of a facility for reprocessing spent nuclear 
fuel. 

Being mindful of private industry’s recognition of its part in the expanding 
nuclear power program both as to generating plants and the associated facili- 
ties required for their continued operation, we should like to repeat some of 
the views we expressed a year ago. At that time we said in part as follows: 

“While manufacturers of powerplant equipment and components as a regular 
part of their programs do a great deal of continuing research and development 
work, we believe that with some direct financial assistance from the Commission 
many would be able to do a great deal more toward the advancement of economic 
atomic power. In other words, some of the research and development funds 
provided to the Commission could be used by the equipment manufacturers to 
the overall advantage of the program in the area of reductions in plant 
investment. 

“It appears to us when considering the size of prototype plants, which we 
assume to be first generation plants, that it is important to keep in mind that 


0,000 kilowatts (electrical) is a full-scale plant for a large number of eleteric 
utilities. When these utilities 


add a plant of that size to their systems, even 
at an investment substantially 


equivalent to the current cost of a conventional 
plant, they must have one that is a source of dependable power reasonably free 
of the uncertainties of experimentation. To us, this means that prototype plants 
of such a size would be out of reach for too large a segment of the utility indus- 
try to accomplish the objectives of the Joint Committee and the Commission. A 
Maximum size of 50,000 kilowatts woudl be more effective as to probable indus- 
tty participation and, in our judgment, large enough to give desirable technical, 


erating, and cost answers. Second and third generation plants in the 80,000 
kilowatt size range would be more logical.” 
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In reflecting upon this statement we are pleased to see evidence of the Atomie 






















































Energy Commission providing more funds for research by industry. de\ 
In considering new plants we believe that we should be aware of the fact that wa 
the time is approaching when the program for plant installations, at least in Th 
part, will no longer be experimental but will become a part of the normal long- me 
range utility plans to meet growth. For this reason it is important that new C 
invitations for proposals take note of the time required by utilities to properly anc 
evaluate their long-range plan with respect to such invitations. We believe that of | 
the 90- to 120-day period which has been allowed on occasion is not always suf- apy 
ficient for the type of appraisal which will become increasingly desirable in keep- cre: 
ing with the usual custom in the industry with respect to conventional plant 1 
additions. ope 
Summing up, it is our conviction that order is the essence of leadership. Bya mel! 
firm devotion to a well-balanced program comprising experimental activity, mit 
prototype plants, and full-scale commercial powerplants conducted within an com 
orderly framework of cooperation between the Atomic Energy Commission and as § 
industry, we believe the position of leadership for the United States in the use R 
of atomic energy for civilian purposes can be maintained. cost 
In our view the program which the Commission has adopted, as outlined in esti 
the February 1960 report, is a commendable one. will 
Respectfully submitted. or s 
Frep C. Keiioce, President. The 
for | 
Fi 
STATEMENT SUBMITTED BY WALKER L. CISLER, PRESIDENT, POWER REACTOR proj 
DEVELOPMENT CoO. PRI 
‘ leash by tf 
INTRODUCTION in t 
This statement is submitted by Power Reactor Development Co. (PRDC) for PRI 
inclusion in the record of the hearings being held by the Joint Committee on 1962 
Atomic Energy during the 2d session of the 86th Congress pursuant to section meni 
202 of the Atomic Energy Act. const 
PRDC is a nonprofit Michigan membership corporation. It is engaged under 06,0 
the Commission’s power demonstration reactor program in the design and con- com} 
struction of, and will operate, the reactor portion of the Enrico Fermi Atomic 
Power Plant. The reactor is a developmental fast neutron power breeder reactor 
and the plant is located at Lagoona Beach, Monroe County, Mich. Also associ- Tn 
ated with the project are the Detroit Edison Co., which is building and will own | Pe™'™ 
and operate the conventional steam turbine-generator facilities which will utilize breed 
steam produced by the reactor, and Atomic Power Development Associates, Ine. Il > 
(APDA), a nonprofit New York membership corporation, which is conducting fonr! 
important programs of research and development, including the nonnuclear fast 
test operation of full size components of the reactor. ve 
a deg 
PROJECT EXPENDITURES TO DATE fens 
ever 
Schedule 1 attached to this statement provides a breakdown of expenditures | Cores 
in connection with the project through December 31, 1959, by the Detroit Edison | insta! 
Co., PRDC, and APDA. Detroit Edison has actually expended some $8,600,000, An | 
or 50.7 percent of the estimated total cost of the nonnuclear facilities; it has} of fu 
firmly contracted, however, for more than 78 percent of these facilities. PRDCf operat 
and APDA together have expended some $21,800,000, or 51.6 percent of thef use of 
estimated total, for equipment and construction of the nuclear portion of the} ¢xtray 
plant ; again more than 94 percent of the total has been firmly committed. Sim f it is f 
ilarly PRDC and APDA together have expended $16,600,000 on preliminary def of eac 
sign and research and development work. A total of some $47 million has thus} Studie 
been expended on the project to date by the three organizations together. power 
and t} 
ESTIMATED PROJECT COST SUMMARY confirn 
, 
The overall cost of research, development, and construction of the Enricé diste 
Fermi Atomic Power Plant to be borne by PRDC, APDA, and the Detroit Edisonp has be 
Co. totals $80,118,000, an increase of $1,188,600 over last year which is accounted aMalyz 
for principally by increases in research and development work. The contract Desp 
between the AEC and PRDC under the power demonstration reactor progral§ tor sta 
provides that the Commission will perform certain fast reactor research and This h; 
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development work in Commission facilities at a cost of $4,450,000, and will 
waive use charges for special nuclear material estimated to amount to $3,702,600. 
Thus the total overall costs are $88,270,600. Schedule 2 attached to this state- 
ment presents these estimates in greater detail. 

Construction cost.—The estimate of total plant construction cost of the nuclear 
and nonnuclear facilities (schedule 2) is $59,397,000, which is $382,000 in excess 
of the estimate of a year ago. This increase is due primarily to an increase of 
approximately $500,000 in the cost of services of architect-engineers and a de- 
crease of $118,000 in the estimated cost of certain components. 

The Detroit Edison Co., which is engaged in building and will own and 
operate the nonnuclear conventional steam turbine-generator is filing a state- 
ment for the record of these section 202 hearings and the attention of the com- 
mittee is directed to that statement for information regarding the nonnuclear 
component of the total estimated project cost, which is shown in schedule 2 
as $17 million. 

Research and development.—The estimated total research and development 
costs to be borne by PRDC and APDA together have been increased over the 
estimate submitted last year and amount to $20,721,000 of which $18,221,000 
will be by APDA and $2,500,000 by PRDC (schedule 2). Of this total, $16,608,000 
or some 80.2 percent had been expended by December 31, 1959 (schedule 1). 
The remaining $4,100,000 research and development expenditures are planned 
for 1960. 

Financing arrangements.—Reference to schedule 2 will show that the total 
projected cash requirements for construciton, research, and development of 
PRDC total $40,820,000. These anticipated requirements are more than covered 
by firm commitments by PRDC’s member companies to contribute to PRDC 
in the period 1956-61 the sum of $27,448,000, and by a $15 million loan to 
PRDC from a group of banks, all of which total $42,448,000. When additional 
1962 contribution commitments of $3,908,000, which have been made by PRDC 
members, are added to this, PRDC’s firm resources available to meet project 
construction, test, and operating expenditures to be borne by it will be $46,- 
396,000. Repayment of the loan is guaranteed by certain PRDC member 
companies, 

RESEARCH AND DEVELOPMENT 


In the report filed with the committee last year, reference was made to ex- 
periments being conducted by Argonne National Laboratory on the experimental 
breeder reactor I. These experiments have demonstrated that the rigid Mark 
lil core was completely free of the instability which marked the previous 
nonrigid cores and have established that there is no inherent instability in a 
fast reactor system. During recent months, experiments have been performed 
with EBR-I in which ribs have been stripped from the fuel rods to achieve 
a degree of nonrigidity. The data from these experiments established the 
presence of a positive component of the temperature coefficient which is be- 
lieved to be sufficiently large to explain the instability in the previous EBR-I 
cores and thus to confirm that bowing of the fuel rods was the cause of that 
instability. 

An additional important result of the EBR-I experiments is the development 
of further understanding of the use of a reactivity oscillator to predict the 
operating characteristics of a reactor by operation at low power levels. The 
use of the oscillator in EBR-I has indicated that while it is not possible to 


extrapolate stability data developed at low power over the entire power range, 


it is fully possible to do so over a limited range. This means that the safety 
of each increase in power may be reliably predicted by appropriate oscillator 
Studies at previous power levels. The program for start-up and approach to 
power of the Enrico Fermi reactor has always contemplated such a step system 
and the wisdom, safety, and reliability of such a program appears now to be 
confirmed by the EK ER-I experiments. 

APDA has continued study of the power-temperature relationships in a re- 
actor during power oscillations. An experimentally contirmed analytie process 
has been developed from this work which will prove to be a valuable tool in 
analyzing and predicting reactor behavior. 

Despite the quite expected and encouraging results of the studies of fast reac- 
tor stability. PRDC has continued its program of so-called meltdown research. 
This has included experimental investigation of the effect of fission gases on fuel 


‘ 


failure, the conduct in ZPR-III of criticality studies on configurations of fuel 








542 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


resulting from melting, and simulated studies of the behavior of molten uranium 
in sodium. Related studies are those with respect to containment and environ- 
ment. These have continued during the year and are expected to be satisfactorily 
concluded in the near future. 

During the year, a great amount of information has been exchanged between 
PRDC and the United Kingdom Atomic Energy Authority (UKAEA) pursuant 
to an agreement entered into in the fall of 1958. A number of PRDC and APDA 
engineers have visited the Dounreay Experimental Reactor Establishment in 
Scotiand for considerable periods of time to witness construction and assembly 
work and to be present for fuel loading and criticality of the Dounreay fast 
reactor. PRDC has had a number of UKAFA engineers visit its project as well. 
The exchange of information and visits has been of considerable value to PRDC 
and the cooperation shown PRDC by the UKAEA has been very gratifying. 


FUEL SUBASSEMBLIES 


The core of the Enrico Fermi reactor consists of a number of square stainless 
steel fuel subassembly cans in which the enriched uranium fuel pins are con- 
tained. The fuel pins are fabricated by coextrusion of an enriched uranium 
molybdenum alloy with a zirconium clad. These pins are only 0.158 inches in 
diameter and are 301/12 inches in length after the final coextrusion. Fuel pins 
of excellent quality are presently being fabricated by Nuclear Metals, Inc. and 
the D. E. Makepeace Division of Engelhard Industries under a contract with 
PRDC. A full core loading was originally ordered from Sylvania-Corning Nu- 
clear Corp. as well as from Nuclear Metals and D. E. Makepeace. Syleor has 
recently requested that it be relieved of its obligation to produce core subassem- 
blies. This request was made by Syleor after it had become clear that high 
quality pins were available from the other fabricator and therefore in view of 
Syleor’s request, PRDC has agreed to negotiate a revision in its contract with 
Syleor and is discussing the increase of its order for core subassemblies with Nu- 
clear Metals and D. E. Makepeace. Both Syleor and Nuclear Metals, Inc., and 
D. E. Makepeace will continue to manufacture blanket elements. 

The original fuel subassembly design contemplated that the fuel pins would 
be supported in the subassembly can by a structure consisting of transverse wires. 
Recent endurance tests of the subassembly in sodium at full flow and high tem- 
peratures have indicated that this structure creates a maldistribution of flow 
forces within the can which causes the pins to creep or distort in such a manner 
that they are no longer supported by the transverse wires. This in turn could 
result in a loose and nonhomogeneous array of pins within the subassembly 
can. Such a condition would be unacceptable, since it could possibly introduce 
unpredictable power coefficients of reactivity which could be positive under cer- 
tain circumstances. This is not a problem inherent in this type of reactor or this 
type of fuel, nor is it a problem of physics at all; it is entirely mechanical. 

A vigorous program is now being pursued to revise the mechanical method 
utilized in supporting the individual fuel pins so as to maintain a uniform fuel 
density within the subassembly can. Completion of this work and subsequent 


en 


extensive mechanical testing will result in a delay in the availability of fuel, | 
since, although fuel pins of more than acceptable quality are now being manv- | 


factured, they cannot be loaded into subassembly cans until the revised internal 


mechanical support system has been proved out and the necessary subassembly | 


structures manufactured. 
STATUS OF CONSTRUCTION AND SCHEDULE 


The emphasis on construction activity changed during the year from emphasis 
on the completion of building structures to the placing and erection of compo 


nents, extensive mechanical systems, and the installation of a large amount | 
of electrical equipment. Erection of the reactor vessel and the reactor vessel 


plug were completed during the year and erection of graphite-block external 
shielding between the reactor vessel and the primary shield tank is now in 
progress. Also, during the year, the primary sodium system piping was com- 
pleted, including insulation, heaters, neutron shielding, and secondary contain- 
ment. Auxiliary piping systems in the reactor building were completed and 
these include inert gas piping, ventilation systems, and sodium service systems. 

The steam generator building was completed and erection of the main steam, 
boiler feedwater, and secondary sodium piping systems was begun. The three 
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steam generator shells were delivered and have been erected and are now ready 
for the placement of the tube bundles which are being fabricated. 

The health physics and ventilation buildings were completed during the year 
and the ventilation system equipment installed. Construction was also begun on 
the inert- and waste-gas building and has proceeded to the extent that equipment 
is now being fabricated in this building. 

Concrete work and structural-steel erection for the fuel and repair building 
is now complete and equipment for cleaning irradiated fuel and blanket sub- 
asemblies is now being delivered and installed in this building. Equipment for 
the liquid-waste disposal system is also being fabricated and delivered to the 
site for installation. 

For the last 2 years the project has been working toward a criticality date 
of September 1, 1960. The bulk of the plant construction work and compo- 
nent procurement is substantially on time in accordance with that goal. How- 
ever, it is evident that this schedule cannot now be met because completion of 
definitive nonnuclear tests on the modified fuel-support design will result in 
delay in the availability of completed fuel subassemblies to be loaded into the 
reactor. In addition, it had originally been planned to carry on most of the 
nonnuclear component testing at the plant concurrently with the last stages 
of construction, and experience to date indicates that this cannot be done to 
the extent originally planned. Some of this testing will have to be carried out 
after substantial completion of the plant in the late summer of 1960. 

The expected amount of delay in the startup which will result from these 
circumstances is not presently ascertained. It is believed, however, that they 
will delay the criticality of the plant 4 to 6 months after September 1, 1960. 


NONNUCLEAR REACTOR COMPONENTS TEST 


APDA is conducting an important in-place nonnuclear test of major reactor 
components and associated facilities. This test is known to the project as 
the reactor components test. The components and equipment being tested 
include the reactor vessel, surrounding primary shield tank, fuel-handling 
and reloading equipment and mechanisms, reactor control devices, and a pri- 
mary sodium coolant loop which includes an 11,800-gallon-per-minute pump. 
The test consists of nonnuclear operation of such equipment, and in order to 
simulate as closely as possible the characteristics of the reactor, dummy fuel 
and blanket elements are being used in place of the uranium fuel and blanket 
elements which will be used during nuclear operation. Related facilities, such 
as sodium and inert-gas auxiliary systems, heater-cooler control equipment 
and instrumentation, have been installed and will be tested. This test pro- 
gram is designed to prove out the mechanical operating characteristics of the 
components and to provide experience to operating personnel prior to nuclear 
operation. The tests were initiated during September 1959 and initial mechani- 
cal tests of the components and associated equipment were made at normal 
temperatures and later at 500° F. in order to check alinement and operation 
of the equipment at higher temperatures. Fuel-loading equipment is now being 
used to load dummy fuel elements into the reactor to develop experience in 
the operation of such equipment. When initial tests have been completed, 
the system will be filled with sodium and a complete series of tests of compo- 
nents will be conducted with sodium at operating temperatures. 


PERSONNEL TRAINING 


The training program for operating personnel has been intensified during 
the past year. Five engineers have now completed the course of training 
offered at Shippingport. These men and a nuclear engineer from the company’s 
staff are now devoting their full time at the plant site to conducting a train- 
ing program, including both plant orientation and nuclear subjects, for other 
personnel who will be engaged in the operation of the plant. 

The initial orientation program began in November 1959 and instruction 
in nuclear areas commenced in December. There are presently 22 persons in 
the training program. The seven or eight men who will take operating license 
examinations will supplement this onsite training by additional training on 
EBR-I, a sodium-cooled fast reactor, and ZPR-III, a mockup reactor, both of 
which are located at Arco, Idaho. This group will also be trained on the 
operation of the University of Michigan Phoenix project reactor. 
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PRDC has also purchased an operator training console which is now being 
fabricated and which will be used in connection with the plant simulator. It 
is planned that operators will obtain some of their training by operation of 
this training console. Both the console and the simulator will, in addition 
to providing a valuable training aid, be of considerable use in connection with 
investigation of control and operating parameters of the reactor both before 
and after operation is begun. 


CONSTRUCTION PERMIT PROCEEDINGS 


On May 26, 1959, the Atomic Energy Commission issued its opinion and 
final decision in the PRDC construction permit proceedings. The Commission’s 
order, like its initial decision of December 10, 1958, continued in effect PRDC’s 
construction permit with certain modifications which had been recommended 
by the Atomic Energy Commission’s Separated Staff and to which PRDC did 
not object. The order provides for continued review by the Commission of 
the safety characteristics of the proposed reactor and for further proceedings 
prior to issuance of an operating license. It also provides that PRDC is to 
file quarterly technical reports and semiannual financial reports. Four such 
quarterly technical reports and two semiannual financial reports have been filed 
with the Atomic Energy Commission. 

The intervening unions petitioned the U.S. Court of Appeals for the District 
of Columbia Circuit to review the opinion and order of the AEC, and PRDC 
and the State of Michigan were granted permission to intervene in these pro- 
ceedings in the court of appeals. Briefs have now been filed by all parties 
and it is anticipated that the case will be argued before the court of appeals 
in March 1960. 

CONCLUSION 


PRDC is now preparing sections of its Hazards Summary Report and taking 
the other steps preparatory to submission of material for evaluation by the 
Advisory Committee on Reactor Safeguards and the Commission in connection 
with application for an operating license. 


ScHEDULE I.—Enrico Fermi plant expenditures to date by the Detroit Edison 
Co., Power Reactor Development Co., and Atomic Power Development Asso- 
ciates, Inc. 


Expenditures) Estimated Percent 
through total cost jexpended 
Dee. 31, 1959 


Nonnuclear portion of plant: Plant expenditures by the Detroit | 
Edison Co___- ; : wpatdisckna sas abil ch les ascoenmar thie hasan $8, 620, 318 $17, 000, 000 50.7 
Nuclear portion of plant | 
Expenditures by PRDC: | | 

paIrect Taste Sea enee So ne oe ck, on eccncccasmesane | 29, 550 

Fuel element fabricat.on expenditures ? , 800 

Other construction and test expenditures , 442 

Direct plant expenditures by APDA 4___- 3, 681, 000 





ORR oo See pee si feiat i Cia an Paces ae | 21, 874, 792 42, 397, 000 51.6 


Research and development: 
Expenditures by PRDC___- as aientel dint hia Cy eenetsmae aoe | 1, 166, 135 
Expenditures by APDA of benefit to Fermi plant 5-__._.__- ; 15, 442, 000 


TN eh ides Tahini a Claes eee ee ees 16,608,135 | 20,721,000 


Corea SOUR oon cee se 47,103,245 | 80,118,000 





1 Not including expenditures on fabrication of fuel and blanket elements. 

2 This covers initial expenditures on contracts for the fabrication of 1 complete blanket and 2 complete 
core loadings. 

3 This includes all indirect plant construction costs with the exception of research and development ex 
penses, which are separately listed. Included herein are expenditures for interest, taxes, insurance, and 
administrative and overhead. 

4 This covers expenditures by APDA allocable to the purchase and installation of equipment which will 
be transferred to PRDC after nonnuclear testing and which will be incorporated into the nuclear portion 
of the plant. 

5 This includes those research and development and administrative expenses of APDA from 1952 through 
1959 which have been of benefit to the Fermi project. 
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ng SCHEDULE 2.—Estimated overall cost summary—Enrico Fermi plant 
It a ; . . 
of ; a 
on PRDC APDA Detroit Total 
' Edison 
ith ie. oh. Y Toe - jl ai gee Noe ee ee pst 
ore : | | 
Nonnuclear portion of plant: | 
Site and development a ical ee cs ees | $1,210,000 $1, 210, 000 
Structures and equipment i ‘ | woe---0---] . Et 15, 590, 000 15, 590, 000 
Interest during construction__..__------ waned owe anasassafed — one 200, 000 200, 000 
Tots san boiline hcl setatctides tosseumendnaie senator ‘ ; ..-| 17,000,000 17, 000, 000 
ind oe og a 
n’s Nuclear portion of plant 
C’s Direct and indirect plant cost !_- | $33,850,000 | 2 $4,077,000 | oul 37, 927, 000 
led | Fuel element fabrication 3 ; -| 4,470,000 | _- hos 4, 470, 000 
did Total = cbiahieca tie 38, 320,000 | 24,077,000 |____-- 42, 397, 000 
of ' _ : enna -_ | . a: Gini 
j rotal nuclear and nonnuclear plant costs 38, 320, 000 4, 077, 000 17, 000, 000 59, 397, 000 
ngs : 
; to | Research and development by APDA-PRDC: } 
uch i Actual (1952-59) ee 1, 166, 135 15, 442, 000 | = 16, 608, 135 
: } Estimated (1960-61 1, 333, 865 4 2, 779, 000 ; 4,112, 865 
iled | ee 
Total 2, 500, 000 18, 221, 000 Siti nt 20, 721, 000 
0 Grand total __ ; ; 40, 820, 000 22, 298, 000 17,000, 000 | 80, 118, 000 
» — 
pro- Research and development work by AEC in | 
ties Commission facilities ce aia 4, 450, 000 
; Use charges to be waived by AEC to Aug. 31, 
eals 1965... : eee 5 3, 702, 600 
' Total 7 Caieecand ae ‘ salle : ee acetal 8, 152, 600 
i "ECL OVGRNE COUN... ko aoc ladda aes iki acaces aS aohen acpi 88, 270, 600 
king 
the ca ‘i s 
‘tion ! This includes all direct and indirect plant construction and nuclear testing costs with the exception of 
Cie fuel element fabrication and research and development, listed separately herein. Included herein are 
interest, taxes, insurance, employee training, administrative and overhead expenses, and all costs of opera- 
tion during a test period of a full year. 
ligon 2? APDA is purchasing and installing certain equipment and devices which, after nonnuclear testing by 
18¢ APDA, will be transferred to PRDC and incorporated into the reactor plant. These components are esti- 
4 $80- mated to cost AP DA $4,077,000. 


3 This includes fabrication costs for not only the initial core and blanket loading, but for a second complete 
core loading as well. 

—— ‘ This includes APDA research and development work and administrative expenses, including material 

and supplies required for the nonnuclear testing but not incorporated into the permanent reactor plant, 

reent for the year 1960 only. 


Since substantial work of benefit to the project will also be done by APDA subse- 
ended quent to 1960, this represents a minimum estimated figure. 
‘ By the terms of the AEC-PRDC contract effective Jan. 1, 1957, use charges for special nuclear material- 
— ire Waived for the period ending 5 years after the date of PRDC’s facility license. On the basis ofits pres 
ent schedule, this date would be Aug. 31, 1960, so that the waiver period would terminate Aug. 31, 1965. 
ait 
= STATEMENT BY V. L. PARSEGIAN, DEAN, SCHOOL OF ENGINEERING, AND PROFESSOR 
OF NUCLEAR ENGINEERING, RENSSELAER POLYTECHNIC INSTITUTE, Troy, N.Y., 
, TOGETHER WITH A LETTER From Dr. PARSEGIAN, DATED NOVEMBER 16, 1960 
aaa | RENSSELAER POLYTECHNIC INSTITUTE, 
ont Troy, N.Y., February 15, 1960. 
51.6 } Senator CLinton P. ANDERSON, 
: | Chairman, Joint Committee on Atomic Energy, 
| Congress of the United States, 
——a | U.S. Capitol, Washington, D.C. 
. 30.2 | DEAR SENATOR ANDERSON: I have read with considerable interest your recent 
: talk on “The Peaceful Atom: Fact or Fable,” which reviewed the tortuous 
58.8 path of atomic energy. I should like, in this letter, to dwell not on the disap- 
a pointments of the past but on some steps that may help to secure the future in 
certain technical areas. 
complete More specifically, I should like to speak to radioactive isotopes, which you 
ment of so aptly called “breadwinners” of atomic energy and “rays of light,” and 
nee, and discuss their importance to the education of our youth. 
oe The scientists and engineers who will ultimately achieve success with fission 


r portion energy and fusion energy are not likely to come from the ranks of those who are 
weary from these early struggles, but from among those who are now studying in 

2 through colleges and high schools. This is why it is so critically important that new 
scientists and engineers be prepared to make full use of new techniques and ideas 
of the nuclear age when they go out into the world. 
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The enthusiasm you expressed with the isotope picture is certainly justified. 
It is wonderful that atomic techniques offer hope that we shall at long last 
learn more about basic processes of life and death, of plant growth, and of 
behavior of processes of many types. Radioactive tracers and nuclear radia- 
tion have added amazing sensitivity, new variables, and wholly new research 
approaches with which to attack the secrets of nature. 

On another side, too few of us realize that the vast chemical and materials 
industries that have grown over past decades were built not on clear under- 
standing of how atoms behave, but instead largely on technical experience and 
on clever trial-and-error processes. This is why it is so difficult to systemati- 
cally reach for new chemicals, new drugs, new propellants, and new materials 
to satisfy our needs. The very base of technology is weak, because we have 
been forced to depend more on art than on science. 

This being the challenge, we can ill afford to permit educational institutions 
to continue in the thinking and limitations of earlier decades. The educa- 
tional process is expensive, but it can become tragically more expensive if it 
stops short of achieving appreciation of its own decade. 

1. The problem has two aspects as I see it. The first has to do with the educa- 
tion of the many college graduates who are not nuclear specialists but who must 
be assured a broad base of educated thinking which is responsive and responsible 
to the needs of this decade. It is unthinkable that our citizens can cope with 
problems of radiation hazards, extensive nuclear power, community welfare, and 
the role of atomic operations if the education offered by physics courses at college 
goes little beyond sliding blocks and Archimedes’ principle. Physics and other 
science courses should include experiments with nuclear radiation and radio- 
active isotopes. 

The second aspect has to do with preparation of specialists who will make the 
most of new techniques for advancement of knowledge. As an example, at Rens- 
selaer Polytechnic Institute, teams of faculty members and graduate students 
have been studying interactions of the atoms nitrogen, oxygen, carbon, and hy- 
drogen, which are so important to life and to industry. The work is sponsored 
by several agencies, including the ABC. On the one hand the work gives some 
understanding of chemical activity in the upper atmosphere, where one may even 
ask whether such chemical reactions can be made useful for space travel. Even 
more important, they seek ways for producing commercial nitrogen products and 
organic products by use of nuclear radiation and especially by use of fission 
recoil energies inside nuclear reactors. 

The technical hurdles are severe, but the opportunities they open are exciting 
and far reaching should these objectives be achieved. Even if the projects should 
fall short of objectives, the gain will be enormous because the studies help to 
explain phenomena which relate to both nuclear and nonnuclear industries. 

The point to all this is to urge Congress to strengthen our educational system 
by helping colleges to become familiar with the techniques and progress of nu- 
clear energy, having in mind both the nonspecialists and specialists. 

II. How can we help the smaller colleges to do this? Commissioner John F. 
Floberg of the AEC has pointed out that of $14 million expended in equipment 
grants, less than 2 percent went to small colleges and universities that turn out 
one-fifth of college graduates. The reason is that these small colleges do not 
have sufficient familiarity with atomic matters to be able to apply for equip- 
ment aid, or to justify their requests in terms of active people and active interest. 
They cannot compete with colleges that know what they want, and there is not 
enough money allotted to take care of all requests. 

Perhaps the only way to help these colleges is to authorize sufficient funds for 
equipment, and liberal policies to permit the AEC to grant $10,000 to $20,000 to 
each institution that teaches science courses. With this help each can introduce 
very good experiments in measurement of radiation and properties of isotopes. 

On the other side, how can we help the more advanced schools to prepare 
experts at doctoral level? The formula for turning out good research scientists 
and engineers is to expose them to good teaching and to give them personal ex- 
perience in research techniques under good tutelage. But this means more 
funds for research. 

My plea is to authorize adequate funds to the several divisions of the AEC 
wherewith to support research in radiation chemistry, tracer research, and ma- 
terials research. I have been familiar with the work of the Division of Reac- 
tor Development, Division of Research, and Office of Isotopes Development. The 
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support of this category of research by these divisions has been properly re- 
strained and conservative, and in general well administered, in my opinion. 
III. The question may be asked, “To what extent can industry support re- 
search of this character with its own funds’? Certainly industry has achieved 
some success in applications such as thickness control by use of nuclear radia- 
tion, and it can be expected to support all development work that relates to 
commercial products. But unfortunately this represents only a small frac- 
tion of the research job that is needed at this time. It is unlikely that industry 
can allot very many dollars to this basic research, because the possible gains to 
its interests are not sufficiently clearcut or direct to warrant large expenditures. 
For example, it would be unrealistic to expect large industrial funding to sup- 
port research in basic mechanisms of chemistry, or the development of reac- 
tors for chemical processing, or even much of the handbook data and chemical 
processing data that must precede large growth of this science and technology. 
Respectfully submitted. 
V.L. PARSEGIAN, 
Dean, School of Engineering. 


RENSSELAER POLYTECHNIC INSTITUTE, 

Troy, N.Y., November 16, 1959. 
The Honorable CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, U.S. Capitol, Washington, D.C. 

DEAR SENATOR ANDERSON: It has been several years since I first appeared 
before the Joint Committee to discuss the harm done to the Nation’s colleges 
by atomie secrecy. Fortunately, this situation is being largely corrected. 

But while secrecy walls are lowered, other obstacles continue to prevent 
colleges from giving full support to the nuclear program. 

There continues to be indifference toward nuclear work in many quarters, from 
the long years of separation from classified activities. This will be a 
ing problem as faculties are enabled to get into atomic work. 

The more serious obstacle results from financial inability on the part of 
colleges to provide opportunity for faculty to learn about nuclear developments, 
and equipment with which to undertake nuclear teaching. 
of science and engineering colleges are adequately 
equipmentwise, 


decreas- 


Only a small fraction 
prepared, staffwise and 
to teach radiation chemistry, radiation physics, and the like. 
This means that students cannot be adequately prepared for the nuclear age. 

This letter is a plea to the Joint Committee to increase support to the edueca- 
tional program of the Atomic Energy Commission, to a level that will strengthen 
science and engineering colleges for teaching nuclear science. 

We have been very fortunate at Rensselaer Polytechnie Institute. 
tial grant has strengthened many of our academic departmen 
to inelude nuclear subjects. Ten departments offer a 
graduate courses pertaining to nuclear science and engineering: total enroll- 
ment for these courses exceeded 1,000 during the past 2 years, by students from 
many disciplines working toward master’s and 
operative program, Rensselaer 
Knolls Atomic Power Laboratory. 


A substan- 
ts and laboratories 


major program of 20 


doctoral degrees. Under a co 
provides graduate nuclear instruction at the 


It is unlikely that the quality of instruction we seek could be achieved without 
this equipment aid from the AEC. Also, nine of our faculty members have 
attended the ASEE—-AEC Summer Nuclear Institutes. 

Most engineering schools in this country are still trying to achieve a first start 
in this direction. They need help. Also two engineering colleges in India and one 
in Mexico are seeking help through us to establish similar programs. Aid toward 
achieving their nuclear goals would strengthen friendly ties with these nations. 

This is not to imply that colleges should go heavily into nuclear engineering, 
or that every college should have a critical reactor. Indeed at Rensselaer we 
have chosen instead a subcritical reactor with pulsed neutron source to be much 
more educational than a low power critical reactor. Also we have carefully 
avoided establishing a separate nuclear engineering department but instead have 
brought many departments to support the nuclear program. We believe this 
broader participation to be the preferred approach for solving the advanced prob- 
lems of reactor physics, radiochemistry, materials and metallurgy, stress strain 
in heat transfer systems, biology, management, chemical engineering, et cetera. 

I have followed the grant program of the AEC with considerable interest, and 


have respect for the way the program has been administered. Great care has 
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been exercised in disbursing these funds. The job has been difficult because 
many of the colleges are still in process of shaping their plans. 

I urge that Congress substantially increase the level of grants to colleges for 
equipment aid, for source and special nuclear materials, and the program for 
summer institutes and fellowships in nuclear science and engineering. It is 
likely that this higher level should be planned for a period of 5 years, after which 
the colleges should be in much stronger position. 

We cannot overstress the importance of this program. Clearly, competition 
with Russia must be won not by greatly increasing the number of engineers and 
scientists, but by greatly improving the quality of their preparation. This 
requires the best possible education for undergraduates, and also that many more 
of them continue into graduate study. Education is expensive, but it becomes 
tragically wasteful as well if colleges are denied adequate equipment aids for 
teaching atomic science. 

It is of interest to note that faculty members visiting European colleges have 
been greatly impressed with the quality and quantity of laboratory facilities that 
they observed. 

If more information should be needed I am willing to appear before your 
Committee at your pleasure. 

With personal regards, I am, 

Respectfully yours, 
VY. L. PARSEGIAN, 
Dean, School of Engineering, and Professor of Nuclear Engineering. 


RURAL COOPERATIVE POWER ASSOCIATION, 
Elk River, Minn., February 10, 1960. 
Mr. CLINTON P. ANDERSON, 
Chairman, Congress of the United States, Joint Committee on Atomic Energy, 
Washington, D.C. 


DeaR Mr. ANDERSON: Thank you for your kind invitation of January 20, 1960, 
to appear before your committee for our comment on atomic affairs. 

I find myself unable to appear, or to submit to you very substantial comments 
on the field at this time. We have been working long hours in taking care of our 
responsibilities, which will culminate with the successful operation of a boiling 
water reactor, which we hope will be energized in December of this year. I am 
sure you can appreciate the vast amount of activity this involves. 

I am advised by our planning department that our thoughts and anxieties 
as to future nuclear generating capacity appears to be more concerned with find- 
ing a more suitable and lower cost method of achieving containment for isola- 
tion of the radiation forces inherent in a reactor. Apparently our people, and 
the contractor, Allis-Chalmers, are quite pleased at results in lowering energy 
costs. Our cost of fabrication, when bids weer received, was approximately 50 
percent of the cost estimated at the time of contract negotiations, and so it ap- 
pears to us that while research and development should be sincerely continued in 
the field affecting fuel, that more daring steps of engineering and construction 
should concentrate in reducing the installed costs per kilovolt-ampere. 

We believe there are some interests in how to more cheaply isolate the reactor 
and its inherent radiation and thus permit a more conventional treatment of the 
balance of the conventional steam components. We are extremely interested 
in the developments of superheat in the reactor and feel that this too will make 
a substantial contribution toward fully utilizing the efficient turbine equipment 
available today. 

I know these are general comments but I thought they would be valuable as 
coming from a group who is atomic minded. I have complimented you and your 
committee in the past for your strong leadership and effectiveness in moving 
these programs ahead on an international basis. That you are again, today, 
seeking more problems and their solutions is certainly a further expression of 
your dedication to place America out in front of the world in technological 
achievement. I trust you are soon successful in making the United States a 
meeea for technicians throughout the world, and further, that these powers of 
mass destruction are only exceeded by our technical ability to serve mankind 
better. 

Sincerely yours, 
O. N. GRAVGAARD, President. 
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SMALLER BUSINESS OF AMERICA, INC., 
Cleveland, Ohio, February 12, 1960. 


To Members of the Joint Committee on Atomic Energy, U.S. Senate and House of 
Representatives, Washington, D.C.: 


Permit us to present a resolution on atomic energy for your kind consideration. 
This resolution has been drawn up by our Patent and Trademark Comunittee: 
Jack M. Young, chairman; Thomas E. Fisher, Richard MacCutcheon, and John 


W. Robb (all patent and trademark attorneys), and passed by our board of 
trustees. 


Respectfully submitted. 


< 


S. R. CHRISTOPHERSEN, 
Harecutive Vice President. 
RESOLUTION ON ATOMIC 


ENERGY ACT 





Smaller Business of America, Inc., favors the changes set out in the proposed 
bill submitted by the Atomic Energy Commission to modify the Atomic Energy 
Act for the reasons listed below and also recommends additional revisions indi- 
cated below: 

1. The recommended changes all liberalize the act in favor of the American 
citizen and smaller business thus tending to foster and improve the utilization 
of atomic energy. 

2. The act, as amended, is still too stringent and constrictive tending to limit 
the participating companies to big corporations to discriminate against smaller 
business. 

3. It is submitted that a small corporation must be able to obtain proprietary 
items in order to compete with larger and better known corporations in anything 
but very specialized fields which are not of interest to the large corporation. 
For this reason small business participation in the atomic energy industry has 
been confined to such specialized devices as specialized instruments for measur- 
ing radioactivity. 

4. It is submitted that the committee should consider the following factors 
which are believed to be defects in the present act: 

(a) No inventor can be sure he has a valid patent because secret material 
to which he has no access may bar his patent. 

(b) It is impossible for any invention to be made in the atomic energy field 
without giving rise to a plausible argument, “that it is made, in the course of or 
under, arrangement,” with the Atomic Energy Commission. ‘The Commission 
has taken the position that an actual reduction to practice is necessary before 
an invention is made. One cannot actually reduce an invention to practice 
which utilizes atomic energy without some arrangement with the Commission 
since one must be licensed by the Commission to obtain source material from 
the Commission. Thus, a cloud is put on the title of every patent pertaining 
to atomie energy unless the Commission has explicitly waived any ownership 
Claim. Smaller business cannot afford to 


enter into industry under such 
conditions. 


(c) It is believed improper for the AEC to claim title to an invention when 
the invention has been conceived and constructively reduced to practice in a 
patent application by an inventor on his own time and his own expense. The 
AEC so claims title to said invention where there is some nominal affiliation 
with the AEC at the time when the first working model is actually made. 

(d) Section 153 should be modified to limit the scope to the purpose for which 
the Commission says it needs the 


section. It should not be so broad as to 
threaten the right of others. 


If the Commission needs this section to guard 
against the possibility of a patent issuing which covers some facet of an expen- 
sive installation which had been made prior to the issuance of the patent, the 
Section should be modified to guard against the possibility of that eventuality 
and no more. 

(e) Section 155 should be modified, at least, to be limited to that prior art 
Which was kept secret because of a validity instituted secrecy regulation of the 
U.S. Government. Under the scope of the present provision one can argue that 
concepts privately made which do not rise to the level of classifiable material 
would nonetheless be a bar to inventions independently made by others if these 


concepts were secret because the person who had them worked for the AEC 
but did not disclose them to others. 









990 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


SOUTHWEST ATOMIC ENERGY ASSOCIATES, 
Little Rock, Ark., February 12, 1960. 
Subject : Statement for the record, section 202 hearings. 
Senator CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 

DEAR SENATOR ANDERSON: During the past year, the research and development 
activities of the Southwest Atomic Energy Associates on an advanced epithermal 
thorium reactor concept (AETR) have moved into high gear. 

As you recall, the Southwest Atomic Energy Associates is a group of 15 electric 
utility companies located in the southwestern region of the United States. These 
companies have joined forces to sponsor development aimed at producing nuclear 
electricity at a cost competitive with conventional fuels in this region where fossil 
fuels are relatively low in cost. 

In January 1958, the Associates entered a contract with Atomics International 
Division of North American Aviatien, Inec., to carry out a $5,340,000 research 
program of about 4 years duration aimed at investigating the technical and 
economic promise of an advanced concept, which we considered to have good 
prospects for producing electricity as cheaply as that we can expect to produce 
with a gas a few years hence. 

The first phase of the project was completed in June of 1959. This included 
a thorough analysis of existing physics data on U“, thorium and other mate- 
rials involved in the operation of a reactor in the epithermal (intermediate and 
fast) neutron energy range, as well as limited experimental work to determine 
new physics data. Considerable effort was also spent on perfecting computer 
codes and techniques and on developing a reference design for subsequent study, 
as well as overall evaluation of the concept. The phase I investigations uncov- 
ered no information which would make the concept appear to be less promising 
than when the project was initiated. If anything, both Atomics International and 
Southwest Atomic Energy Associates are even more optimistic now, although 
it was recognized from the outset that the ultimate promise of the concept is very 
strongly dependent on experimental physics data which will be derived from 
critical experiments. The work of the next 2 to 3 years will be devoted largely 
to conducting critical experiments and analysis of the concept based on the 
results of these experiments and other work on physics, fuel element development, 
and core analysis. 

In my letter to your committee last year, I indicated that progress on the AETR 
project had been slowed down pending a response from the Atomic Energy Com- 
mission regarding our request for U™ needed for the critical experiments. 

In April 1959, the Atomic Energy Commission agreed to make 25 kilograms of 
U™ available for the epithermal critical experiments. Design of the critical 
experiment facility was promptly completed, and application was made for a con- 
struction permit. The latter was granted by the Atomic Energy Commission 
in December 1959. Construction is in full swing, and the first critical experi- 
ment is expected to be underway about July 1960. 

Because of the limited quantity of U*™ available, a rather unique arrange- 
ment and design has been devised for the critical assembly. The U* will be 
inserted in the center of an epithermal region, with U* as the principal fuel. 
The epithermal region will be surrounded in turn by a buffer lattice whose prin- 
cipal function is to maintain the desired neutron energy spectrum in the test 
region independent of the spectrum in a thermal neutron drive region which sur- 
rounds the entire assembly. 

Such an arrangement requires a relatively small amount of fissionable material 
compared to a uniformly loaded assembly of the proper characteristics (a full 
seale reactor will require 400 kilograms or more of U“™). Nevertheless, with 
careful attention to design and particularly to instrumentation and analytical 
interpretation, we expect the results to be adequate for evaluating the prospect 
fer the concept and possibly for detailed design of a full scale reactor core. 

I hope by next year I can report some of the results obtained by using the 
critical facility. 

Yours sincerely, 
J. RoBERT WELSH, President. 
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SyLvANIA-CORNING NUCLEAR CorP., 


Bayside, N.Y., February 5, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


Deak SENATOR ANDERSON: I want to thank you for the kind invitation ex- 
tended in your letter of January 20 for me to testify or submit a statement 
for the record in connection with this year’s hearings on the development, growth 
and state of the atomic energy industry. 

In reviewing the suggested topics attached to your January 20 letter, I feel 
that I and other representatives of Syleor have testified in great detail in the 
past on the subjects which we feel are of primary interest to Sylcor and the 
industry, including the civilian power program, AEC contract policies and patent 
problems. As I have indicated to you in the past, we have been extremely 
gratified by the interest and response of members of the Joint Committee to the 
problems with which we have been concerned. Most recently I have had occa- 
sion to express our appreciation in connection with the amendment of section 
161M of the Atomic Energy Act to permit companies such as Syleor to enter into 
agreements for reprocessing of fuel elements directly with the AEC. You will be 
interested to know that Sylcor has already taken positive steps in an effort to 
enter the areas which this amendment has opened up to us. 

In view of our detailed testimony and statements in past year, I do not feel 
warranted in further taking the committee’s time in reiterating Sylcor’s views at 
the present hearings. I would only make the additional suggestion at this time 
that there is a need for close attention to the incipient problem presented by 
possible competition of the National Laboratories with private nuclear industry. 
This is a subject which, as you undoubtedly know, has already received the at- 
tention of the Bureau of the Budget in connection with its Bulletin 60-2 and 
which I am sure is presently being reviewed in detail by the AEC itself. I 
think that the conclusions which are arrived at by the Commission in this ares 
will have a vital impact on the degree to which private industry can move 
forward in the field. 

Very truiy yours, 
LEE L. DAVENPORT. 


TEXAS INSTRUMENTS, INC., 


Dallas, Texr., February 11, 1960. 
The Honorable CLInTron P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, 
Washington, D.C. 


My Dear SENATOR: We have received your letter of January 20 soliciting our 
views on the development, growth, and state of the atomic energy industry. 
Texas Instruments is a diversified company whose operations include the 
development and production of semiconductor devices, development and produc- 
tion of complex electronic and electromechanical systems for Government use, 
conduct of geophysical services, the fabrication of clad metal products, the manu- 
facture of thermostatic and electrical controls, and the production of nuclear 
fuel elements and cores for the Government and other customers. Through these 
activities we have a broad interest in advanced energy generation and conversion 
technology. Our activities in the nuclear field are carried on through a wholly 
owned subsidiary, M. & C. Nuclear, Inc. 

In recent years the atomic energy industry has developed to a point where 
the probability of economic nuclear power has become very real. In analyzing 
the comparative costs of generating power via nuclear energy versus fossil fuels, 
it becomes apparent that the economic balance of the two methods lies largely in 
the difference of fuel cost. Thus, the attainment of economically competitive 
nuclear energy will depend largely on an ability to produce a satisfactory fuel 
cycle for nuclear reactors at a cost lower than the existing and expected costs of 
fossil fuels. 

At present there is an overcapacity in the nuclear fuel manufacturing indus- 
try. It has been conservatively estimated that all of the fuel required in the 
next 5- to 10-year period for industrial nuclear power generating facilities could 
be manufactured by the capacity of existing plants involved in the naval pro- 
pulsion program and that there would still be resulting excess capacity. Obvi- 
ously, it is to the national interest for plants qualified to manufacture naval 
propulsion fuel to maintain an adequate state of activity. 
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The consequence of overcapacity in part is to deter the conduct of a suffi- 
ciently aggressive research and development program directed toward methods 
of reducing the cost of fuel fabrication. Further, it seems imperative that a 
considerable amount of this research and development must be conducted by 
those industrial organizations who have, and will continue to have, the manu- 
facturing responsibility, since they are best able to resolve the inevitable com- 
promises between fuel performance and cost and ease of manufacturing. It 
should be pointed out that in this instance we are speaking of the complete 
fuel cycle, and included in such analysis and deliberations must be the cost 
of refining and enriching the fissionable materials used. Failure to carry on a 
sufficient research and development effort within industry toward lowering 
fuel costs strikes at the very balance point involved in achieving competitive 
nuclear power. 

In this regard it seems highly desirable that continued and expanded re 
sponsibility for reducing the cost of nuclear fuel must be given to the private 
fuel fabricator, with the result that necessary programs are outlined and con- 
ducted by this industry. It is hoped that the current efforts of several of the 
national laboratories, including Bettis, KAPL, and Argonne of the AEC, to 
analyze their fuel development work and wherever possible to place it with 
private industry, will also continue and expand. This effort increases the 
knowledge of industry and improves its opportunity to contribute to more 
economic nuclear fuel. Such efforts should be encouraged and accelerated 
to the end that the time required to achieve economically competitive nuclear 
power is minimized. 

We also think it is appropriate to refer to the fact that under existing com- 
mission policy there has not as yet been any contract indemnity coverage under 
section 170d of the Atomic Energy Act granted to fuel fabricators as such 
coverage is granted to reactor operators. We are aware that a technical study 
is being made of this subject, and we hope that this study can be brought to 
a rapid conclusion because many of the fuel fabricators, such as we, are engaged 
in fabrication programs which involve assembling complete cores with the 
attendant high power ratings concerned in the naval propulsion program. 

We thank you for the opportunity to comment on these important matters. 

Yours very truly, 
P. E. Haaeerty, President. 


Uran MINING ASSOCIATION, 
Salt Lake City, Utah, February 23, 1960. 
Re section 202 hearings, February 16 through 25, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, Senate Office Building, Wash- 
ington, D.C. 


DEAR SENATOR ANDERSON: I regret that my very recent return to Utah has 
made it impossible to prepare a statement for personal presentation at the 
current section 202 hearings. 

The statement of our association presented at the 1959 hearings expressed 
concern about— 

1. The AEC exercising options for extension of Canadian contracts. 

2. Facilitating the extension of domestic milling contracts to 1966. 

An AEC announcement of November 6, 1959, advised of the decision to stretch 
out present Canadian contracts, rather than to maintain the contracts status 
quo as to time termination, or to exercise options for additional purchases be- 
yond quantity purchases stipulated. This seems to dispose of the threat of 
the options being exercised for additional tonnages. 

There has been some progress on mill contract extensions, for the Commis- 
sion’s information release No. 260, January 30, 1960, shows nine mills having 
contracts to 1966, compared with four with such contracts at approximately 
this same date a year ago. This represents real progress and we look forward 
with interest to final arrangements for extension of all mill contracts where ore 
reserve potential permits such extended operation. It is our understanding that 
there are ore reserves not covered by contracts for milling and we urge that 
the Commission give consideration to provisions for the mining of such reserves 
while considering mill contract extensions. 

We visualize a problem in mills adjusting to either anticipated or unexpected 
ore reserve exhaustion and urge that every effort be made to allocate sufficient 
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eligible ore to mills to insure, to the extent possible, that mills are not forced to 
operate at uneconomic levels—a situation which would not only be detrimental 
to the affected mill but which could penalize the supplying miners in terms of 
service and of price for his ore. We also urge that the Commission consider 
permitting mine operators the exercise of some judgment as to the source of ore 
in their filling mine tonnage allocations, in cases where such operators have more 
than one mine in the area served by a mill to which each of the operators’ mines 
are tributary. 

In view of the need for mines and mills to adjust to an industrial market, a 
transition necessarily related to the 1966 purchase program termination date, we 
would suggest that thought be given to permitting further processing of uranium 
in connection with milling. Production of more advanced or premium grade 
products would strengthen the position of both the mill operator and the miner in 
transition to industrial market conditions. 

Thanking you for your sustained and helpful interest in the industry’s 
problems, I am 

Yours very truly, 
MILes P. ROMNEY, Manager. 





STATEMENT FOR THE Recorp By Mr. Puiviep N. Ross, GENERAL MANAGER, WEST- 
INGHOUSE ELECTRIC CORPORATION, BETTIS ATOMIC POWER LABORATORY, PITTS- 
BURGH, PA. 


The Bettis Atomic Power Laboratory, which is operated for the U.S. Atomic 
Energy Commission by the Westinghouse Electric Corp., has from its inception 
in 1949 devoted its efforts to the development of basic nuclear atomic reactor 
technology through research and the design of nuclear powerplants for Navy 
ships and for the Shippingport central station. 

After completing the pioneering work for the first nuclear-powered submarine, 
U.S.S. Nautilus, Bettis has proceeded with the development of the nuclear pro- 
pulsion systems for the Skate class fleet-type submarines, the Skipjack class 
high-speed attack submarines, the prototype reactor plant for the guided-missile 
cruiser Long Beach and the aircraft carrier Enterprise, and the reactor power- 
plant for the Nation’s first atomic power central station at Shippingport. 

The large nuclear industrial base existing today and the number of nuclear 
plants under construction using Bettis developments is indicative of the magni- 
tude of the laboratory’s technological contribution. 

Participation by all segments of American industry, from large steel com- 
panies to small instrument makers, has always been sought and actively encour- 
aged for the furnishing of components in all Bettis reactor plant developments. 
For example, all of the reactor plant components, including the nuclear-reactor 
cores, for the Skate, Skipjack, and George Washington class submarines and the 
guided missile cruiser Long Beach and aircraft carrier Enterprise have or are 
being furnished by qualified commercial vendors on fixed price contracts. In the 
case of the PWR at Shippingport, components from over 2,000 vendors from 
across the Nation were used. Many of these firms acquired new skills. This 
large participation by industry is in accord with the basic Commission policy of 
contracting the responsibility for design and manufacture of any component to 
commercial vendors as soon as the basic development work is completed. Ad- 
herence to this policy has resulted in the establishment of a sizable private atomic 
energy industry. 

Bettis perfected ideas and technology have become the basis for many nuclear 
powerplants now being built. This is illustrated in the fact that the basic 
data which Bettis developed on uranium oxide fuel has been adopted for most 
of the civilian power reactors planned or under construction: namely, Dresden, 
Indian Point, Yankee, Selni, and Humboldt Bay. The knowledge of heat trans- 
fer and hydraulics of water reactors is essentiallly the result of Bettis work. 
Digital computer codes such as Monte Carlo, Wanda, and Turbo, and other 
reactor physics analysis methods developed by Bettis are in widespread use 
throughout the nuclear field. In addition, many of the primary plant com- 
ponents developed through the Bettis work, such as large reactor vessels, vertical 
U-tube heat exchangers, high capacity canned motor primary coolant pumps, 
and improved hermetically sealed control drive mechanisms are becoming stand- 
ard reactor items. 

The technology that has been developed for both the naval program and the 
Shippingport project is available to all of our industry. For example, well over 
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2.000 documents and manuals on the Shippingport project have been published 
and distributed. 

It is appropriate to note at this point that each succeeding step in the advance 
of a technology demands far greater sophistication and precision in the treat- 
ment of the problems involved than was required in the preceding levels of 
development. This, in turn, means that increasing emphasis must be placed 
on acquiring basic insight and understanding. As a result, each incremental 
advance is more costly in manpower and dollars. The high cost of developing 
and proving out a new fuel material or element demonstrates the point. The 
high cost of digital machine design computations is a further illustration. 

Nuclear technology, at present, is being advanced at Bettis through the efforts 
to reduce both the capital costs and fuel costs of pressurized water reactors. 
This cost reduction will be applicable to both naval and civilian power reactors. 
Advances in core technology—in terms of lifetime capability, power capability, 
and fuel element fabrication techniques—will have the most telling effect on 
reducing costs. These advances will affect directly not only the fuel costs, 
but also the plant capital costs. The latter cost reduction derives from the fact 
that cores with high specific power capability will impose a lower burden on the 
plant per unit of heat removed from the core. The reductions in fuel costs 
derivable from increases in core lifetime or energy output, especially when 
combined with lower core manufacturing costs, are obvious. Thus, there are 
real gains to be made in concentrating on core development in attempting to 
achieve reduced costs of nuclear power. 

As further emphasis, I would like to cite in more detail some results of the 
research and development gains derived from the Shippingport central station 
project. The refueling of the reactor’s first seed (PWR core 1, seed 1) is nearing 
completion. This is the first time a large central station nuclear power reactor 
has been refueled in this country. A new 32-cluster seed has been inserted, 
and the plant will resume its role as the Nation’s first large-scale producer of 
electrical power from nuclear fuel in the near future. The success of Shipping- 
port as a major contributor to the Nation’s nuclear technology is evidenced by 
the performance of the first seed which lasted the equivalent of 5,800 full-power- 
hours—2,800 hours above the design of 3,000 equivalent full-power-hours. On 
this first seed Shippingport produced approximately 400 million kilowatt-hours 
of electrical power from December 1957 to November 1959, when refueling 
operations were started. 

The new seed (seed 2) which is now in core 1 is designed with a lifetime of 
approximately 7,500 full-power-hours—two and one-half times the design life of 
the first seed. 

During the refueling a number of fuel elements were also extracted from the 
ecore’s blanket. This will permit the first extensive study of natural uranium 
fuel which has undergone long irradiation, at high temperatures, and pressures 
in a large power-producing reactor. Also, the refueling has resulted in obtaining 
firsthand experience with the unit refueling of large reactor cores. The proce- 
dures developed for these refueling operations have proved successful. 

Greater insight into our progress in achieving advances in core technology can 
be seen from the advances being made in going from the PWR core 1 design to the 
PWR core 2 design. We have at present in the initial stages of manufacture the 
PWR core 2, with a design rating of 150 milliwatts gross electrical. This core 
has five times the design energy output and twice the power density of PWR core 
1. And yet PWR core 2 will be suitable for installation in the present Shipping 
port reactor vessel. 

In the field of naval reactor improvements, advanced reactivity lifetime cores 
are under development which are expected to significantly reduce fuel costs and 
increase the interval between core refuelings. The development associated with 
improved naval cores is not a simple extrapolation of previous designs but en- 
tails major improvements in performance and step advances in basic technology. 
They will thus require a major effort in terms of both manpower and dollars 
and should be viewed as the second generation of water reactor cores. 

No major new Bettis facilities are planned in the foreseeable future. How- 
ever, a number of facilities important to the laboratory’s development work are 
nearing final stages of completion. Installation of a Transac computer is ex- 
pected to be completed by February 1960. This high-speed electronic digital 
computer will replace the IBM-704 and make it possible to apply advanced 
analytical methods in the calculation on a three-dimensional basis of the nu- 
clear and thermal characteristics of long-life, high-performance cores. An ex- 
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pansion of the hot laboratory will provide the added capacity for making post- 
irradiation measurements needed for the extensive experiments associated with 
development of fuel elements capable of withstanding long irradiation exposure. 

Recently» a new critical high temperature test facility began experimentation 
on reactor cores in an environment similar to that encountered in an operational, 
power producing reactor. This facility will greatly aid in the effort to advance 
our knowledge of the internal workings of large pressurized water reactors, it 
is a safe, flexible, and fully instrumented zero power facility on which we can 
directly improve our core design concepts. 

The future program planned for the Bettis plant is thus a concentrated de 
velopment effort in those areas of water reactor technology most essential to 
achieving reduced plant capital costs and fuel costs for naval nuclear propulsion 
plants as well as for nuclear power central stations. The program is built upon, 
and will take maximum advantage of the accomplishments to date and is ex- 
pected to result in significant advances in the basic technology of water reactors. 
For this reason Bettis will, as in the past, contribute significantly to the entire 
power reactor field. These advances in basic technology will provide a basis 
for further exploitation by industry just as has occurred in the case of the 
Vautilus and the first generation Navy and Shippingport developments. 


WYOMING MINING ASSOCIATION, 


Riverton, Wyo., January 27, 1960. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
U.S. Capitol Building, Washington, D.C. 


DEAR SENATOR ANDERSON : We appreciate the opportunity, which the Joint Com- 
iittee has afforded us, to present this brief statement, relative to our views on 
the present state of the atomic energy industry. 

Our interests, primarily, are in the mining and the concentrating of uranium 
ores. We do not feel that we can comment on the many other phases of the 
atomic energy program. We do recognize, however, that the development of 
peaceful uses of nuclear energy, is important to the continued growth and wel- 
fare of the uranium mining industry. The interest of your committee on this 
subject, gives us confidence that there will be continued progress by Government 
and private industry in the field of research and development. 

We are concerned by the decreased amount of exploration for uranium ores 
at the present time. The increasing cost of exploration for uranium, the lack 
of a market for additional ores today, and the uncertainty regarding markets 
after 1966, add to this problem. We believe that your committee is aware of 
this situation and we urge that continued efforts be made to encourage the de- 
velopment of adequate marketing facilities for private industry. 

With the completion of two additional uranium mills during the past 2 months, 
the Wyoming uranium industry should make a substantial contribution to the 
supplies of U;0, during 1960 and succeeding years. Our mill contracts now call 
for the concentrating of approximately 3,300 tons of ore daily. This will per- 
mit a reasonable production schedule in most of our mines. 

The Shirley Basin area in central Wyoming, gives promise of very substantial 
reserves of better than average grade ore. We believe that the owners of these 
properties, who have spent large sums in proving these ore bodies, should be 
given an opportunity to develop their mines and a market should be provided 
for reasonable and economic production from such mines. This may justify 
the construction of a concentrating mill in the Shirley Basin. 

We commend your committee and the Atomic Energy Commission for the 
decisions made relative to the purchase of U;O; from foreign producers. With 
the growth of our domestic uranium industry, it is imperative that a major 
share of the domestic market shall be reserved for domestic producers. 

May we extend our thanks to you and to the other members of the Joint 
Committee on Atomie Energy for the many courtesies and the consideration 
which has been extended to the Wyoming uranium industry. We know that 
every effort is being made to deal wisely with the many complex problems 
Which confront the committee. You may be assured of full cooperation by 
the industry in this State. 


Respectfully yours. 
R. W. BEAMER, Ezecutive Secretary. 
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YANKEE Atomic ELecrric Co., 
Boston, Mass., February 9, 1960. 
Hon, CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


DEAR SENATOR ANDERSON: As in prior years, I should like to submit a brief 
report on the progress of the Yankee nuclear power project for inclusion in the 
record of the Joint Committee’s annual section 202 hearings. 

At the present time the project is nearing completion and is somewhat ahead 
of schedule. 

During 1959 all major structural work was completed and deliveries and 
installation of major units of equipment were commenced. Delivery of the 
pressure vessel, on February 7, completed this phase and permits installation 
and testing of all components by midsummer. Fabrication of the initial core 
is proceeding on schedule and approximately half the individual fuel assemblies 
have been delivered for storage at the site. Our present plans call for comple- 
tion of construction and loading the initial core by August of this year. 

Key operating personnel are now at the plant and for the past several months 
have been undergoing an intensive onsite training program under the direction 
of the supervisory personnel responsible for operation of the plant. 

To keep pace with constructtion, we now have pending before the Atomic 
Energy Commission a request for approval of the final design of the reactor 
plant, with the hearing scheduled for March 3. This will be followed by a fur- 
ther hearing at the time of issuance of the final operating license. 

During the past year our financing program was reviewed and approved by 
the Massachusetts Department of Public Utilities, the Securities and Exchange 
Commission, and the Atomic Energy Commission. Following these approvals, 
Yankee’s stockholder utility companies completed their investment of equity 
funds, which now total $20 million. Current construction costs are being 
tinanced by sales of 5-percent first-mortgage bonds and 4%4-percent bank loans 
pursuant to commitments which insure the availability of an aggregate of $37 
million of senior funds. 

Our cost experience to date indicates that our estimate of $57 million as the 
total financing required for the project is adequate, and in the absence of un- 
foresen contingencies we expect to complete construction somewhat within our 
estimates. Any savings which may be realized in capital costs will tend to 
reduce the total cost of power from the plant, but because of the many variables 
involved we cannot now revise our estimates of total power costs, which we ex- 
pect will fall within the range of 12 mills to 14 mills per kilowatt-hour after 
steady operation has been achieved with the second or third core. As indicated 
by our letter of a year ago, these power costs may be subject to later reduction 
as economies are achieved in various aspects of the fuel cycle, and must be 
measured against the steadily rising costs of constructing conventional capacity 
and the continuing upward trend of coal and oil prices and associated trans- 
portation costs. 

Yours very truly, 
WILLIAM WEBSTER, President. 


(Whereupon, at 4:40 p.m. the committee was recessed, subject to 
9 9 J 
call.) 


nee 


~nerenpapegene — 


' 
' 





Mr 
Er 
Co 
I 
inf 
7 

1 
inf 
2 
Th 
doy 
CoV 
wh 
tha 
the 
nov 
has 
sect 
tive 
dro 
bas 
3. 
shor 





rm 


by 
ge 


is, 


ng 
ns 
37 


he 
ll- 
ur 
to 
les 
ex- 
ter 
ted 
ion 
be 
‘ity 
ns- 


to 


eee 


APPENDIXES 


APpreNDIXx 1 


U.S. Atomic ENERGY CoMMISSION, 


Washington, D.C., February 15, 1960. 
Mr. JAMES T. RAMEY, 


Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR Mr. RAMeEy: This will acknowledge your letter of January 26, requesting 
information and data for inclusion in the annual section 202 hearings. 
The information includes the following: 


1. Highlights of activities in the civilian power reactor program, updating the 
information in the annual report. 

2. Information on costs and schedules for civilian power reactor projects. 
This is presented in two arrangements. The first presents the same cost break- 
downs as were used in last year’s presentation. It is used for the reactors 
covered in last year’s presentation except those completed prior to 1959 as to 
which any cost and schedule information we could present would be identical to 
that submitted last year. The second arrangement presents cost information in 
the cost breakdowns which are used in the quarterly construction status reports 
now received by the Commission for all projects on which preliminary design 
has begun. For projects not reported on in last year’s presentation, only the 
second arrangement is used. An agreement has been made between our respec- 
tive staffs that next year and in years following the first arrangement will be 
dropped and the breakdowns in the second arrangement will be used as the 
basis for comparison. 


3. Information on fuel element development and reactor operating experiments 
showing— 


(a) Utilization of fiscal years 1959 and 1960 funds for fuel cycle 
development. 


(b) Narrative report on fuel element development. 

(c) Core fabrication cost. 

(7d) Reactor operating experience with the table of test operation works 
for AEC civilian power reactor program estimated fiscal year 1960, as 
included in the fiscal year 1961 Presidential budget. Here, again, we have 
not attempted to repeat operating history covered in 1959 hearings, merely 
highlighting activities prior to 1959 and reporting any detail for the year 
1959 to the date of this report. 

4. Seven charts showing operating history of AEC civilian power program 
reactors updated to December 31, 1959. 


The Chairman’s testimony, which has already been submitted to you, covers 


in detail the other significant developments in the civilian power program. 


Sincerely yours, 
A. R. LUEpEcKE, General Manager. 


V0 
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UPDATING OF INFORMATION IN 1959 ANNUAL REPORT ON CIVILIAN 
POWER REACTOR PROGRAM 


Copies of the annual report for 1959 have been issued. Significant events 
which have taken place in the first 6 weeks of 1960 which are not recorded in 
the report include the following: 

(1) The joint proposal of Consumers Power Co. and the General Electric Co. 
regarding a high power density, 50,000 electrical kilowatt boiling water proto- 
type reactor to be built in Michigan was accepted on January 7 and contract 
negotiations are now underway. 

(2) A two-part invitation was extended in January to utilities and reactor 
manufacturers for participation in a second round power demonstration reactor 
project incorporating a 50,000 electrical kilowatt improved cycle boiling water 
reactor. Proposals are to be received by April 16 from the reactor manufac- 
turers, and by May 2 from the publicly or cooperatively owned utilities. 

(3) An invitation also was extended in January under third round terms 
for development, design, fabrication, construction, and operation of a prototype 
organic cooled and moderated reactor of 50,000 electrical kilowatt capacity. 
Proposals are to be received by May 2. 

(4) The Saxton Nuclear Experimental Corp. was issued a construction permit 
on February 11 for its small developmental pressurized water reactor and site 
work began. 

(5) The Commission has selected a proposal of the Allis-Chalmers Manu- 
facturing Co. to supply the reactor and major primary system components for 
the experimental low-temperature process heat reactor. The Commission has 
awarded the company a contract to perform detailed engineering design and 
has an option to purchase the reactor and primary system components from 
Allis-Chalmers. The proposed reactor, planned for construction in California, 
would be built in connection with a Department of Interior saline water con- 
version plant. A preliminary hazards report has been completed on a site, but 
the area has not yet been released by the Navy. This will delay start of con- 
struction beyond the March 1960 target date. 

(6) On January 22, the homogeneous reactor experiment No. 2 was shut 
down after 105 continuous days of operation to investigate a marked increase 
in the ratio of blanket to core fuel concentration. Subsequent inspection of 
the interior of the reactor fuel concentration. Subsequent inspection of the 
interior of the reactor core revealed that a hole caused by corrosion had formed 
in the core tank. This new opening, measuring about 14 by 1% inches, is about 
the same size as the hole found in the core tank in the autumn of 1958. The 
first hole was not repaired and the reactor was operated as a single region unit. 
While the reactor is presently shut down, it is planned to reverse the direction 
of the flow in the reactor and to remove the diffuser screens in order to improve 
the core hydrodynamics. During the course of this work, which is expected 
to take about 4 months, both holes will be repaired. Experimental operation 
for the reactor, with continued emphasis on the fuel solution stability problem, 
will then be resumed. 


INFORMATION UPDATING COST AND SCHEDULE ESTIMATES 
ON CURRENT CIVILIAN REACTOR PROJECTS 


This information is presented in two arrangements. The first presents the 
same cost breakdowns as were used in last year’s presentation. It is used for 
those reactors covered in last year’s presentation except the following projects 
completed prior to 1959 as to which current cost and scheduled information 
would be identical to that submitted last year: EBWR, SRE, HRE-2, OMRE, 
and BWR. The second arrangement presents cost information in the cost 
breakdowns which are used in the quarterly construction status reports now 
received by the Commission for all projects on which preliminary design has 
begun. For projects not reported on in last year’s presentation, only the second 
arrangement is used. It is planned that next year and in years following the 
first arrangement will be dropped and the breakdowns in the second arrange 
ment will be used as the basis for year-to-year comparisons. 

It should be noted that the first method of presentation (that used last year) 
excludes costs for all research and development, whereas the second method 
includes costs for preoperational research and development. 





Dat 


Cos 


Date 


Cost 


i) bead feed bent 








or 
or 
er 
ic- 


ors 
pe 
ty. 


nit 
ite 


nu- 
for 
has 
ind 
‘onr 
nia, 
‘on 

but 


*On- 


shut 
ase 
i of 
the 
med 
bout 
The 
init. 
‘tion 
rove 
ected 
ition 


} 


el 


s the 
d for 
yjects 
ation 
MIRE, 

cost 

now 
n has 
econd 
g the 


ange 


year) 
ethod 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 559 


Part I, ARRANGEMENT USED IN PRIOR YEARS 


1. Shippingport Atomic Power Station, Shippingport, Pa. 


| Original j|February 1959} Current 








estimate estimate | estimate 
Date of first criticality. ; | July 1957_- 1 Dec. 1957_.| ! Dee. 1957 
| = 
Costs (in thousands 
Reactor plant $37, 750 2 $55, 000 | 2 $55, 000 
rurbine generator and transmission facilities | 10, 000 18, 577 | 20, 200 
Total 47, 750 | 373, 577 | 75, 200 
Actual 
? Includes first core, currently estimated at $12,700,000 
Includes $5,000,000 investment by Duquesne Light Co. and a $500,000 contribution by Westinghouse 
Electric Corp 
2. Experimental Breeder Reactor No. 2, NRTS, Idaho 
Original February 1959 Current 
estimate estimate | estimate 
Date of first criticality Mar. 1958 May 1960 Dec. 1960 
Cost n thousands 
React ind power cyclk $12, 000 $18, 048 $16, 950 
I | fabrication 1, 400 - 
} wessing plant 2, 050 7. 920 &, 200 
Site 16, NRTS 3, 132 3, 950 
lot 15, 4 24, 100 3 29, 100 
Original ¢ 1ate for reactor fabrication only. 
2} nat or fue February 1959—$1,893,000: current—$3,500,000 his cost is not to be included 
1 D cost t plant 
A g er es te totaling $32,430,000 is under current review 


3. Yankee Atomic Electric Co., Rowe, Mass. 


Original February 1959 Current 


estimate ‘ 





T¢ estimate 


D first er t 1958 Julv 1960 Sept. 1960 
( 1 thous s | 
R t $ 7t $38, 413 $32, 461 
| : Ky + OOO 
| t g I ig f | 2 97 x4 62 
I S 13, SS $2) S. 464 
2 ‘ 


4. Enrico Fermi Atomic Power Plant, Lagoona Beach, Mich. 


Original February 1959 Current 

estimate estimate estimate 

D st er OF Aug ) Sept. 196 

Costs (in thousands 

Nuclear facilities $34, 300 $37, 020 $40, 774 
Fuel element fabr tior 5, 500 4, 3Si 
Nonnuclear facilities 10, 700 { 14, 061 
Tot 48, 500 51, O81 59, 215 





' Does not include Power Reactor Development Co. allowance of $1,175,000 for working 


il, allowances 
for rs 





h and development expenses or plant operating costs, and waiver of fuel use ¢ 
? Included in nuclear facilities 
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Hallam Nuclear Power Facility, Hallam, Nebr. 











Original February 195 | Current 
estimate estimate ! | estimate 
E ee Ra Sie a aa | : 1. eee 
Date of first criticality _- ee 1959 | Nov. 1961 | Mar. 1962 
Costs (in thousands): | 

Reactor Sate $13, 129 | $29, 233 2 $29, 755 
Fuel fabrication 2 : | 631 | 38, 000 38.000 
Nonnuclear facilities- : 11,350 | 12, 965 | 12, 276 
Total Rie ee 25, 110 50, 198 | 50, 031 


1 February 1959 estimates, as submitted, were distributed erroneously, and are revised in this submission-+ 
2 An engineering estimate of $31,833,000 is under current review. 
31959 and 1960 estimates for this item include extraordinary maintenance. 


6. Rural Cooperative Power Association, Elk River, Minn, 




















Original February 195 Current 
estimate estimate estimate 
Date of first criticality- 1959 Jan. 1961 Nov. 1960 
Costs (in thousands 
Reactor ; $3, 760 $9, 383 $8, 680 
Fuel fabrication ( (4) 717 
Land, buildings, and supporting facilities__-_-.- as 700 700 }) 29 
Electrical generating facility : : 1, 725 1, 818 If 3, 389 
Total : 6, 185 11, 901 12, 786 
1 Included in cost of reactor. 
7. City of Piqua, Ohio 
= — saat a : nein 
Original February 1959 Current 
| estimate estimate | estimate 
I Ee EOIN 6 vont occmandakcckccuabmeceouknun a 1961 July 1961 May 1961 
Costs (in thousands): 
EO ee ee $4,010 $8, 058 | 
Fuel fabrication BE ees ite eetadeaesaia 1,750 | 
Land, buildings and supp orting fac NOR Bc eee Ta | 580 1, 780 | 
Electrical generating facilities....................-......-- } 1,031 2,175 | 
ji a a a a ee », 621 13, 763 
| Engineering estimate of $8,277,000 under current review. 
2 Engineering estimate of $990,000 under current review. 
8. Northern States Pathfinder Plant, Sioux Falls, 8S. Dak. 





February 1959 Current 





ee 


estimate! | estimate 
EI ie es ORT iis siicucin ded baad dndanpenanbeadecean cenawaie .| August 1962 June 1962 
Costs (in thousands): | 
Reactor eR Gans Gite a. sds teed decal al pei a oak aaa PN $12, 190 $10, 27! 
LOE II HEA (2) 950 
Land, buildings, and supporting EE a eae ae 3, 560 | 2, 158 
ear ote prrrenrnirir (lun eo ominadcuswae diatanesit 5, 850 10, 230 § 
| 
CN a a a ee ead apiabaaat | 21, 600 23, 610 





1 First estimate submitted. 
? Included in cost of reactor. 
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9. Florida West Coast Reactor, Pierce, Fla. 


Date of first criticality 


Costs (in thousands): 
Reactor. __. saaaed 
Fuel fabrication. —- 


Land, nonnuclear and supporting facilities 


ORE asian 


| | 
February 1959) 
| estimate! | 
' 

| 


tiicisiietnaniisainasitatd siicinhediviedaatan | June 1963 


561 


Current 
estimate 





| First estimate submitted. 
2 Included in cost of reactor. 





hinkoweaaebas June 1963. 
| wae 
Sorupeeis soe eet ame I $10, 585 $8, 060 
sia tablish age i ge animale - Saal (2) 1, 200 
Ee IF 15, 300 21, 887 
Vebawcenmeepeaeeueeael 25, 885 | 31, 147 
10. Carolinas-Virginia Nuclear Power Associates, Parr, 8.C. 
ae ‘oe ‘ | 
February 1959 Current 
| estimate ! estimate 


Date of first criticality 


Costs (in thousands): 
Reactor 4 
Fuel fabrication. 
Land._. 


Total_. 


1 First estimate submitted. 


inact si ccc cna ace aa ek | June 1962___-] 


$18, 141 | 
1, 000 


Privately financed projects 


July 1962. 


$20, 100 
1, 180 
90 


21, 370 

















Construction essentially complete Estimated cost (in millions) 
| 
| Original Feb. 1959 | Current | Original Feb. 1959 Current 
estimate estimate | estimate | estimate estimate | estimate 
Consolidated Edison thorium | | 
reactor, Indian Point, N.Y 1960 1960 | Nov. 1960 | $55. 0 $90 $96. 6 
Saxton nuclear experimental 
reactor, Liberty, Pa am 1961 (4) Oct. 1961 26.2 (1) 26.2 
Commonwealth Edison Dres- 
den nuclear power station, 
Morris, Ill_- : aa 1960 1959 | Sept. 1959 3| 45.0 45 46.4 
Pacific Gas & Electric Hum- | 
boldt Bay project, Hun 
WOR, CME cccscecuns ibaa 1962 ) May 1962 19.5 ( 22.1 


| Original estimate not 


¢ 





burnup and inventory char 
§ Actual. 


ves for 5 


ivailable until after February 1959. 
? Fixed price for turnkey nuclear facility includes R 


years of operation. 


. & D. program, fuel fabrication, processing and 
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Part II. REVISED ARRANGEMENT OF DATA 


Estimated total 


| National Reactor Testing 
| Station, Idaho 


Borax V 
. Costs (in thousands 
1. Preoperational re- 
search and devel- 
opment. _-_- q $775 | 
2. Land and land 
rights shia its obit tabla tit 
3. Plant and equip- 
ment eer 1, 530 
4. Fuel fabrication } 637 
Ss. Deel 2, 942 
Schedule information 
1. First criticality --- Jan. 1961 | 
2. First operation at | 
design power .| Mar. 1961 


cost and scheduled information 


I. AEC EXPERIMENTAL CIVILIAN POWER PROJECTS 


Oak Ridge.| 
Tenn. | Los Alamos, N. Mex. 


| 





| 
y > pepe 
| HTGRE | LAMPRE 
| EBRII EOCR EGCR | TURRET} I 


| 
| | | | 
O07, 500 Fenn | $32, 115 | $1,000 | $968 
| | 
bits eee aa init acehtkectcaaticcdeawmaadineee 
29, 100 $6, 000 | 30, 700 | 4,662 | 607 
3. 500 123 1, 500 | 5, 000 251 
60, 100 6, 123 64,315 | 10, 662 1, 826 


Dec. 1960 May 1962 | Nov. 1962 | Feb. 1962 | Nov. 1959 


Apr. 1961 July 1962 | Jan. 1963 May 1962 July 1960 
1 


II. POWER DEMONSTRATION REACTOR PROGRAM—IST AND 2D ROUNDS 








Costs (in thousands): 


AEC costs 
1. Preoperational research and 
development 
2. Land and land right 
3. Plant and equipmer 
4. Fuel fabric 






5. Total AEC costs- -. 


Non-AEC costs 
6. Preoperational research and 
development ’ 
. Land and land rights 
8. Plant and equipment 
9. Fuel fabrication. _-- 


10. Total non-AEC costs 


Total costs 
11. Preoperational research and 
development--_----- 

12. Land and land rights 

13. Plant and equipment-..- 

14. Fuel fabrication - 


15. Total 


Schedule information 


1. First criticality , ‘ ‘ 
2. First operation at design power 


| i 
| Enrico | Rural Co- 
Yankee | Fermi Hallam | operative 
| Atomic | Atomic | Nuclear | Power | 
| Electric Power | Power | Associa- | City of 
| Co., Rowe, Plant, Facility, | tion, Elk | Piqua, Ohio 
Mass. Lagoona Hallam, | River, 
Beach, Nebr. Minn. 
| Mich. 
i } 
a ilaas as ee a 
| | | 
} | } 
$5, 000 | $4, 450 $18, 165 ad $3, 500 
aa "" "94013 | $8, 680 it~ 7, 332 
8, 000 717 | 2, 188 
| 5,000 | 4,450 | 50, 178 | 9, 397 | 13, 020 
| | | | 
“fl 450 | 19, O17 
| 200 | a ‘ sae -_ 
52, 350 | 53, 953 | 18, 018 3, 389 | 3, 955 
-| ‘ 4, 000 £, 000 |------- pores inane enna 
q 57, 000 78, 232 | 18, 018 | 3, 389 3, 955 
| | 
| | 
5, 450 23, 467 | RW ae a 3, 500 
200 OE Bice ae a oe 
52, 350 53, 953 42,031 | 12, 069 | 11, 287 
4, 000 4, 380 8, 000 i17 | 2, 188 
62, 000 82, 682 | 68, 196 12, 786 | 16, 975 


| | 

Sept. 1960 | Sept. 1960 Mar. 1962 | Nov. 1960 | May 1961 

Nov. 1960 | June 1961 | May 1962} Feb. 1961 | June 196 
| 
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rof 
Ohio 


$3, 500 


7, 332 
2 188 


13, 020 


3, 955 


3, 955 


3, 500 


11, 287 
2) 188 


16, 975 


u 


y 1961 
ie = 1961 
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Estimated total cost and scheduled information 


} 
| Northern 
| 


States 

| Power Co 
Sioux 
Falls, 

S. Dak. 


Carolinas- 
Virginia 
Nuclear 


3D ROUND 


Power As- | 


sociation, 
Parr, S.C. 


lil, POWER DEMONSTRATION REACTOR PROGRAM 
n thou ynds) 

Pre yperational research and develop- 

ment 


» inform 


irst over 


2. Land and land rights 
3. Plant and equipment. 
4. Fuel fabrication___- 


. 500 


Yotal AEC costs_.-.-- 
ALEC costs 
Preoperational research and develop- | 
ment 


Land and land righ 
8. Plant and equipment 
Fuel fabrication. 


Total non-AEC costs 
*“OSTS 
Preoperational research and develop- 
ment 
1 1 


Land and land rights 


13. Plant and equipment 
+ 


ane UE RIN aiid ciiinnindetcmentabiad 


Total. 


ation: 
t criticality each 
ation at design power 





4, 200 
400 
010 
950 


11, 700 
450 
18, 010 


, 500 | 


23,610 | 


950 | 


31, 110 


} | 
| June 1962 
-| Oct. 


1962 


$10, 146 | 


10, 146 


190 
90 
20, 100 
1, 180 | 
21. 560 
10, 336 


90 | 


20, 100 
1, 180 


| 


31, 706 | 


July 1962 
Nov. 1962 


| 
| 
‘ 


Florida 
West 
Coast 

Reactor, 

Pierce, 


Fla. 


$8, 646 


563 


Philadel- 


| phia Elec- 


8, 646 | 


10, 519 
317 
30, 315 
515 


41. 666 


317 | 


30, 315 
515 


tric Co., 
Peach Bot- 
tom, Pa. 


2, 500 


12, 500 


4,121 
250 
25, 800 
1,510 


31, 681 


| June 1963 | Dec. 1963 
(ai (3 
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INFORMATION ON FUEL ELEMENT DEVELOPMENT AND REACTOR 
OPERATING EXPENSES 


A. UTILIZATION OF Fiscat YEAR 1959 AND 1960 FUNDS FoR FUEL CYCLE 
DEVELOPMENT 





Fiseal year Fiscal year 
1959 actual | 1960 estimat 


378 385 

1, 355 wn) 

stl 300) 

titute 59 R95 





Babcock & Wilcox 0 173 





( nbustion Engineering t 4 
Nucl Development Corp. of America 105 154 
Nuclear Materials & Equipment Corp 11 1, 275 
Rensselaer Polytect Institut It2 200) 
Sanderson & Porte 3H 441 
Stev Institute 4 7 
Sylvania Corning 2) 25) 
Arthur D. Little, Inc 0 fi) 
Materials Research Corp 25 28 
Aeroprojects, Inc 0 3S 
Olin-Mathieson 24 25) 
Vitro Manufacturing C« 3s ( 
Metal Hydrides 14 
Owens Corning 0 1) 
Technical Research Group ’ 43 
Westinghouse () ORT 
Subtotal... 1, 344 228 


Oak Ridge operations office 


Oak Ridge National Laboratory ; od ccs 1, 18 679 
Clevite . y x 
Carborundum ee oa . 8 7 
Georgia Institute of Technology 7 75 18 
Union Carbide Metals : : 10 15 
National Carbon Co oad is , 12 210 
RN Sn aie coaicdahdelpt cdc Geauga ane 204 1, 374 
San Francisco operat 
General Electric Co-_- ow ° 36 1, 168 
General Atom ‘ ion 70 $40) 
American Standard ; aiden’ i2 342 
Gladding MeVean : le 10 28 
Aerojet General... -—- ‘i oak - 7 onaeee lt 12 
eu a a US 40) 
Idaho oper is oll P I Pe oleul 349 
Sul il 349 , 
Washington headquarters: 
Bureau of Standards----- Snilanak ‘ 20 40 
Unassigned_._- ae habia dees ‘ a ‘ hd i 0 1,83. 
Subtotal piiwseénis * gia taren Dairies Apia wih cag ao ‘ 20 1, 873 
Total ac ee gaan sine ube 5, 924 13, 000 


1 Contract actions pending. 


NOTE No estimate is provided for fiscal year 1961 since the fuel cycle program is being merged wit! 
base programs in nuclear technology. 
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B. FUELS AND MATERIALS DEVELOPMENT 


Present nuclear power costs can be substantially reduced by the development 
of reactor fuels capable of operating at high energy output and elevated tem- 
peratures over extended time periods. Advanced research and development on 
fuel element materials will also contribute significantly to the production of 
lower cost, more efficient reactor fuel cores. Current fuel element manufactur- 
ing costs may also be lowered by utilization of new and improved fabrication 
techniques. 

Accelerated efforts are in progress both on obtaining basic data for reactor 
fuels and the effective development, fabrication, testing, and operation of specific 
reactor fuel element types. The fuel cycle development program, initiated to 
intensify the effort to develop more economical reactor fuel cycles for power 
reactors, is being integrated with the basic research program on fuels and mate- 
rials designed to provide a general source of technology for improvement of 
power reactor fuels. The current status of the various fuel element concepts 
within the power reactor program is outlined in table 1. 

As shown in the table, emphasis continues in nuclear fuel element develop- 
ment on the use of UO:, alone or combined with ThO: as a fertile diluent. Metal- 
lie uranium and its alloys, which are easier to fabricate and possess higher 
thermal conductivity than UO:, are dimensionally unstable under irradiation at 
temperatures above 450° C. Gaseous fission products released during fuel opera- 
tion cause massive swelling in metallic fuels above this temperature. UO; is 
more compatible with water than are metallic fuels which enhances its use in 
water reactors. Stability of UO. under irradiation and its compatibility with 
cladding materials, such as stainless steel, aluminum alloys, and zirconium 
alloys, are important advantages over metallic fuels. 

Fuel element technology now being used to fabricate UO, fuel elements con- 
sists primarily of the production of UO, pellets by pressing, sintering, and grind- 
ing, followed by insertion into metallic tubes. Other techniques for the produc- 
tion of UO, fuel assemblies are being studied intensively. Processing that would 
reduce manufacturing costs are the fabrication of tubes containing UO. powder 
into fuel rods by cold or hot swaging, isostatic pressing or vabratory compaction, 
or coextrusion of the oxide core and cladding. These techniques, if successful, 
would achieve significant reductions in costs by eliminating the close dimensional 
tolerances of the pellet and tube now required in order to achieve the controlled 
spacing necessary for efficient heat transfer. 

Significant results from irradiation tests indicate that uranium carbide may 
be used as a fuel for metal-cooled and gas-cooled nuclear reactors. Uranium 
earbide has been irradiated to 13,000 MWD/T burnup at temperatures ranging 
from 1,300° to 1,600° F., with a volume increase of only 2 percent. These results 
are very encouraging. Extensive investigations of uranium carbide production, 
physical and mechanical properties, and compatibility with claddings over an 
extended temperature range are being pursued. A core loading of UC fuel for 
Hallam is planned as part of the Hallam project research and development 
program. 

Metallic uranium alloy fuel elements with stainless steel or zircaloy 2 cladding 
have been fabricated. Zircaloy 2 clad U-10 percent Mo fuel elements are being 
fabricated for the PRDC reactor and zircaloy 2 clad U-5 percent Zr-1.5 percent 
Nb elements were utilized in the EBWR. The addition of Mo to U increases the 
strength of the alloy and improves the thermal and irradiation stability. The 
U-5 percent Zr-1.5 percent Nb alloy is resistant to water corrosion and has 
improved strength, thermal, and irradiation stability over metallic U. These 
alloys can be expected to perform satisfactorily at 650° C. in the case of U-Mo 
and 290° C. in the case of U-5 Zr—-1.5 Nb but with a much lower allowable burnup 
than can be tolerated with UO, fuel elements before distortion becomes excessive. 

A systematic research and development effort is underway to determine the 
machanism which produces swelling of uranium under radiation. A technique 
for inhibiting such growth may be developed through understanding the con- 
ditions and environments under which fission products in uranium nucleate and 
grow. This investigation coupled with the use of high strength cladding to 
restrain swelling and the search for radiation resistant fissionable alloys may 
eventually allow increased use of metallic fuels. 
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Final selection of fuel composition for the fast reactor, EBR-2 has been made. 
This alloy is metallic uranium with 5 to 10 percent fissium (an equilibrium fission 
product alloy) with 1 percent to 5 percent Zr. These alloys have been found to be 
resistant to irradiation damage and it is anticipated that 1 to 2 atomic percent 
burnup can be achieved. The cross section of these materials for capture of 
thermal neutrons makes this alloy unattractive for thermal reactors. 

Continued attention to the problem of providing improved fuel element clad- 
ding has resulted in significant progress. <A Zirconium alloy (zircaloy No. 4) 
has been developed in the naval reactors program in support of the Shippingport 
pressurized water reactor at the Bettis Laboratory. This alloy is more resistant 
to hydrogen embrittlement under conditions encountered in water reactors than 
previously available zirconium alloys. An oxidation resistant iron-aluminum 
alloy which has a lower neutron capture cross section than stainless steel is 
being seriously considered for use in gas-cooled reactors. Refactory alloys of 
Nb are under development for service in reactors cooled by circulating alkali 
metals. The problems of welding and fabricating aluminum alloys prepared 
by sintering preoxidize aluminum powder are being solved in anticipation of 
using these materials as fuel element cladding in organic moderated reactors. 

The increased effort on the development of gas-cooled nuclear reactors has 
led to the initiation of research investigations to provide basic engineering data 
on graphite matrix fuel element materials incorporating either UO: or UC as 
the nuclear fuel. These basic studies supplement a continued effort to develop 
refractory coatings for graphite which are resistant to thermal and mechanical 
shock and which will prevent the release of fission gases. Several such coatings 
have been developed independently by industrial concerns and others have been 
developed under Government sponsorship. Sample spherical fuel elements 
with these protective coatings have been evaluated at temperature under irradia- 
tion. The more promising of these claddings will be subjected to further evalua- 
tion at higher temperatures and at higher irradiation levels. 


TABLE 1.—Power reactor fuel elements, February 1960 











Project Reactor type | Fuel type | Cladding Core status 
Yankee___...| Pressurized H,0-- WOR. osc | Stainless steel__..._-- | Fabrication and de- 
| | livery in process. 
Peedas tM Seng nh TO a ccenbonnoeent Ate ee icnnmnancnaet aa: a 
Dresden_- -do . U0: ..| Zirealov 2 meas Delivery complete. 
Kaiser-AFC_| Gas cooled smal SOR: can ccc isn >see §) COMMNEES UURERS & .-.| R. & D. 
PRTR !___._| Pressurized D2O _| UOg and Pu-Al Zircaloy 2.............| Fabrication. 
CVNPA 2....! do Ne aoe er eer me wy 8), 
PWR _...-| Pressurized H:,O Sb: Sake ccbk cece ...----| Operating (see 1 
| _ being replaced) 
OMRE....-- | Organic moderated..| UO2_.......--.---- | Stainless steel. .....-.- | Operating. 
BG cnseensdan ce. <2 6 dal SPW Reptunuwecaadae MEN anetnnenaannet, aoe 
| Sintered aluminum. 
Florida____-- | Gas cooled __..--.-- i ais eee S Stainless steel___._-- | R. & D. 
Elk River_...| Boiling H,O ThO2-UO;___-_--- _..do aire : | Fabrication. 
Borax......- .-.do couch DEEP OE cascwel Mist coueuaan | Cooling and exami- 
} nation, 
Indian Point_| Pressurized H;0 PhO:-UO2-__-.-..-- Stainless steel_........| Design. 
EBWR.__-___| Boiling H,0- U-Zr-Nb sa iI I eS il Operating (28 5-foot 
| | | spikes being fabri- 
| | e@ated). 
EBR-1___..- Fast breeder_.......| U-Zr-_...-..- seni PI Bis. ditcanais | Operating. 
HWCTR.....| Pressurised D.O0.. 1 U-2r wn cnncencsccclessse lg OEE eS | R. & D. and prelim- 
| inary fabrication. 
PRO |...... Fast breeder dct) (Oe Se Zirconium .._......-- Fahrication. 
Hallam___...}| Sodium graphite SRO ccc ntaeteied Stainless stee]l_.....---} Design. 
Piqua___.....| Organic moderated U-Mo..... ieecaeatsae I oie ereerniad ae | Do. 
EBR-11__..._| Fast breeder wee if Stainless steel___....._| R. & D. 
es ere a (eee se me hick nSebeke ._.| Down for repairs. 
SRE__-__.--..| Sodium graphite cea cae Pats a Coat rdeeelg 
HTGR__-_---| Gas cooled UC-ThC in C First core stainless R. & D. 
steel; 2d core, un- 
| | | clad. | 
ices ccont Wks aaktecn tae RIM charssenntatmedaddl | Stainless steel_-.....-- |R. & D. 


1 Natural U with Pu-Al allov snike ele nents. 
2 Will probably be hollow pellets with high melting ceramic cores. 
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REACTOR OPERATING EXPERIENCE 


(Including operational costs) 


The Commission submitted for last year’s hearings narrative, tabular, and 
chart material on experience with the operation of all U.S. civilian power re- 
actors then in being. This material was reproduced on pages 497-509 of the 
printed hearings. 

Information on further operating experience 
is contained in the Commission’s annual report, 
as follows: 


achieved during the year 1959 
already submitted to Congress, 


Page in 
annual 
Reactor: report 
Shippingport Atomic Power Station (PWR) --------------___.-_-__ 16-17 
Experimental boiling water reactor (EBWR) -~----~-----_-__~~-- 20 
Vallecitos boiling water reactor (VBWR) ~..~.-.--.............._.. 20-21 
Organic moderated reactor experiment (OMRE)----_--_-_-__________ 24-25 
Sediugm readetor experiment (BME)... 42.665.6254..63. ke 27-28 
Homogeneous Reactor Experiment No. 2 (HRE-2)---_-----_________ 32 
Los Alamos Power Reactor Experiment No. 2 (LAPRE-2)___-______ 32-3: 
Experimental Breeder Reactor No. 1 (EBR-1)--------------_-__-__ 33-3 


Information on still more recent operating experience, that achieved during 
the first 6 weeks of 1960, is contained in the first report in this appendix under 
the heading, “January 1960 Supplement to the Annual Report.” 


Information updating the table on core fabrication costs, included in last 
year’s print on page 496, is as follows: 


Core fabrication costs 


Thousands 
Pressuriaed water reactor, see Ne: Disco sk ee ee $3, 000 
PROSHRTIOR?R. WALEED HEGCEOT, NOCO FI tons ede ce ee 3, 700 
PYCHGUTIEGG. WHORE TRBEEOT, (CONG DION Bi bieieds dc icine eee 14, 000 
Experimental boiling water reactor : 

COORG BA. CO a ha iin bine eee 321 

Core (3 CPi pOO as ei 100 

CI Seals cian ccc a pectin iaeden te casa io ea nia Te 1, 300 
ease 9; COMP TRO) Beets ees he ee ee ee 917 
Experimenta) Brecker seacoast: Es O0tC 4b i 5 es dace 200 
Experimental breeder reactor II: 

CORW Bi deste pedas he penn dee ee a eee 3, 269 

Core TA Ce CIO ON) 6s i et ee bee 250 

Core 1B (replacement of fuel elements) ~..........__._-.___.....- 300 
Organic moderated reactor experiment: 

I ng cs hes cases Ske eho ee a ae eee 25 

CIE hesitant GA cc aie cee cae 506 
Plutonium recycle test reactor : 

CIS Posh ih Sia ea nace ales eo cei ee aie renee matin 800 

Core ® (fepiacement Feel Glomeits) 4. oc eee 725 
Heavy water components test reactor: Core No. 1------------_-_--__-- 600 
Sodium reactor experiment : 

CIE i eset esc haica chnag cleo cali es chstncinlh chicas sascha hin ae ean ees ee 514 

COORG Dini istic nee nnn I ae 655 


Information updating the table on operating costs, included in last year’s print 
on page 502, is shown below: 


Fiscal year 1960 estimated test operation costs for AEC civilian power reactor 
program as included in the fiscal year 1961 Presidential budget * 
Reactor: Cost 
Shippingport Atomic Power Station (PWR) ---------------____ $2, 150, 000 
Experimental boiling water reactor (EBWR)-_----------__--__ 300, 000 
Boiling reactor experiment No. 5 (Borax-—5)—-----_--_-.____-__ 500, 000 
Homogeneuos reactor experiment No. 2 (HRE—2)_-------_____- 2, 000, 000 
Experimental breeder reactor No. 1 (EBR-1)-~-----_-_______ 1, 100, 000 
Board reactor experiment CHI) ai kin cecnms 1, 400, 000 
Organic moderated reactor experiment (OMRE) 


en ae i ce 960, 000 
1 Excludes all R. & D. and fuel costs. 
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APPENDIX 2 


NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED 
IN THE UNITED STATES 
AS OF DECEMBER 31, 1959 


This compilation contains information about facilities built, building, or planned in the United 
States as of December 31, 1959, which are capable of sustaining a nuclear chain reaction. 
Certain experiments relating to military systems are included but are not listed in detail 
because of their classified nature. 
The material is presented in the following sequence: 
A. CIVILIAN POWER AND PROPULSION REACTORS 
A.1 Stationary Power, U. S. Locations 
A.2 Propulsion (Maritime) 
B. OTHER CIVILIAN REACTORS 
B.1 Reactor Experiments, U. S. Locations 
B.2 General Test 
B.3. Research and Training 
B.4 Specialized Test 
C. MILITARY PROPULSION, POWER, AND TEST REACTORS 
C.1 Naval Propulsion 
C.2 Prototypes, Experiments, and Field Plants 
C.3 Research and Test 
D. PRODUCTION REACTORS 
D.1 Materials Production 
D.2 Test 
E. REACTORS FOR EXPORT 
E.1 Stationary Power 
E.2 Research, Training, and Testing 
E.3 Critical Assembly Facilities 
F. CRITICAL ASSEMBLY FACILITIES 
F.1 Identification of Facilities 
F.2 Identification of Experiments and Studies 
The reactors are categorized primarily by function or purpose. The major categories — 
civilian, military, production, export, power, and propulsion—are self-explanatory. Various 
reactor types within these categories are defined as follows: 


REACTOR EXPERIMENT A reactor in the research and development program, usually 
producing less than 10 Mw(t), designed for the limited purpose of testing technical feasi- 
bility of a reactor concept or some unique reactor feature or piece of equipment. (Sec. B.1) 

EXPERIMENTAL REACTOR A relatively complete reactor plant designed, engineered, 
constructed, and operated to provide the technical basis for the design of a large-scale 
nuclear power plant. Design flexibility permits changes to prove-out different aspects of 
reactor technology. Electrical or power generation may or may not be included as part of 
the plant. (Sec. B.1) 

PROTOTYPE REACTOR PLANT A nuclear power plant of any size designed, constructed, 
and operated principally for the purpose of proving-out economical and technical aspects 
of a future commercial nuclear power plant of the same type. The generation of significant 
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quantities of electricity, mechanical power, or process heat is usually a function of sucha 
plant. (Secs. A.1 and A.2) 

COMMERCIAL REACTOR PLANT A nuclear facility constructed and operated under a 
license issued under Section 103 of the Atomic Energy Act of 1954 and capable of producing 
steam for the generation of electricity, propulsion, and space or process heat applications 
at costs as low as a nonnuclear plant built at the same site. (No reactors presently in the 
category) 

GENERAL TEST REACTOR The general-test-reactor category includes only those reactors 
having (1) a thermal output of 10,000 kw or more; (2) test loops or experimental facilities 
within, or in close proximity to, the core; and (3) the use of nuclear radiation for testing 
the life or performance of reactor components as its major function. (Sec. B.2) 

SPECIAL TEST REACTOR A reactor which is in general an integral part of a test per- 
formance which has kinetic or short-duration high power excursion or which is designed 
for special testing purposes. (Sec. B.4) 

RESEARCH REACTOR Any reactor whose nuclear radiations are used primarily as a re- 
search tool for basic or applied research regardless of operating power level. May include 
facilities for testing reactor materials. (Sec. B.3) 

TRAINING REACTOR Any reactor operated for the primary purpose of training in the 
operation and utilization of reactors and for instructionin reactor theory and performance. 
Thermal power level is arbitrarily limited to 10 kw. (Sec. B.3) 

CRITICAL FACILITY A reactor capable of sustaining a nuclear chain reaction and designed 
to test at extremely low power (a few watts) a critical mass, neutron flux distribution, and 
other characteristics of flexible arrangement of nuclear fuel, materials of construction, 
coolant, and other reactor components. Fluid critical facilities are used to explore the 
critical masses of various concentrations of solutions in differing geometries. Metal 
critical assemblies are used to investigate the variations in heterogeneous cores. (Sec. F) 


The abbreviated listings in the principal-contractor column refer to the technical organiza- 
tion assigned primary responsibility for design and/or fabrication of the reactor system. 
The spelled-out forms for these abbreviations, as well as those for designers, shipbuilders, 
and facility operators, are given preceding the table. 

Start-up dates refer to the year of first criticality. Estimated dates for projects not yet in 
service, based on the best available information, are included. The dates for non-Commission 
projects are estimates announced by the sponsoring organizations. 


Reactors are listed as being operable under the following circumstances: 
1. Federal Government reactors— when criticality is achieved. 
2. Non-Federal Government reactors in the United States — when an operating license is 
issued by the Commission. 
3. Reactors for foreign locations — when criticality is achieved. 
Reactors are listed as being built under the following circumstances: 
1. Federal Government reactors — when ground is broken, components ordered, or contract 
awarded, whichever is first. 
2. Non-Federal Government reactors in the United States ——- when the construction permit 
is issued by the Commission. 

. Reactors for foreign locations—when an application for an export license is received 
by the Commission or when reliable information is received relating to the fabrication 
of reactor components. 

Reactors are listed in the planned category under the following circumstances: 
1. Federal Government reactors— when publicly announced or development work started. 
2. Non-Federal Government reactors in the United States— when license application is 
received by the Commission, or a public announcement which includes principal con- 
tractor and reactor type is made, whichever is first. 

. Reactors for foreign locations — when public announcement that includes principal con- 
tractor and reactor type is made or when the Commission receives information that 
U. S. reactor manufacturer is proceeding with preconstruction design and development 
on the basis of a letter of intent. 
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cha LIST OF CONTRACTORS, DESIGNERS, SHIPBUILDERS, AND FACILITY OPERATORS 
FOR WHICH ABBREVIATIONS APPEAR IN TABLES 


ra 
cing 
tions 
n the 
‘tors AC Allis-Chalmers Mfg. Co. 
ities ACF ACF Industries, Inc. (Absorbed by AC) 
sting AG Aerojet-General Corporation 
AGN Aerojet-General Nucleonics, a Subsidiary of Aerojet- 
per- General Corporation 
out Al Atomics International, a Division of North American Avia- 
tion, Inc. 
Alco Alco Products, Inc. 
__ AMF AMF Atomics, Inc., a Division of American Machine & 
clude Foundry Co. 
| ANL Argonne National Laboratory, operated by the University of 
in the Chicago 
ance. ANPD Aircraft Nuclear Propulsion Department, General Electric 
Company 
igned ARSS American Radiator & Standard Sanitary Corp. 
1, and BAC Bendix Aviation Corp. 
ction, Bethlehem Shipbuilding Division, Bethlehem Steel Co. 
re the BNL Brookhaven National Laboratory, operated by Associated 
Metal Universities, Inc. 
2c. F) B&w The Babcock & Wilcox Co. 
CE Combustion Engineering, Inc. 
iniza- CL Clinton Laboratory of the Manhattan Engineering District 
stem. Convair Convair Division, General Dynamics Corp. 
ders, Cook Nucledyne Corp. of Chicago, a Division of Cook Electric 
Company 
yet in cw Curtiss-Wright Corporation 
ission Daystrom Daystrom, Inc. 
du Pont E. I. du Pont de Nemours & Company 
Elec. Boat Electric Boat Division, General Dynamics Corp. 
Fluor The Fluor Corporation, Ltd. 
Fw Foster Wheeler Corp. 
nse is Gpc General Atomic Division, General Dynamics Corp. 
GE General Electric Company 
GNE General Nuclear Engineering Corp., a Subsidiary of Com- 
bustion Engineering, Inc. 
ontract HKF H. K. Ferguson Co. 
Ingalls Ingalls Shipbuilding Corp. 
permit KE Kaiser Engineers, a Division of Henry J. Kaiser Co. 
LASL Los Alamos Scientific Laboratory, operated by the Univer- 
eceived sity of California 
‘ication Lockheed Lockheed Aircraft Corp. 
Mare Island Mare Island Naval Shipyard 
Martin Martin Co. 
started. Maxon Maxon Construction Company, Inc. 
ation is Met. Lab Metallurgical Laboratory of the Manhattan Engineering 
yal con- District 
yal con- 
in that a 


lopment 
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NASA 

NDA 

Newport News 
NRL 

NYSC 

ORNL 


Portsmouth 
PPC 

P&W 
Sandia 


SL 


National Aeronautics and Space Administration 

Nuclear Development Corp. of America 

Newport News Shipbuilding & Dry Dock Co. 

Naval Research Laboratory 

New York Shipbuilding Corp. 

Oak Ridge National Laboratory, operated by Union Carbide 
Nuclear Company, a Division of Union Carbide Corporation 
Portsmouth Naval Shipyard 

Phillips Petroleum Co. 

Pratt & Whitney Aircraft Division, United Aircraft Corp. 
Sandia Laboratory, operated by Sandia Corp., a Subsidiary 
of Western Electric Co. 

Sargent & Lundy 

University of California Lawrence Radiation Laboratory 
Westinghouse Electric Co. 

Vitro Engineering Division, Vitro Corporation of America 
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APPENDIX 3 
COSTS OF NUCLEAR POWER 


July 1959 


INTRODUCTION 


This report was prepared by the AEC Office of Operations Analysis and 
Forecasting. Numerous suggestions and data were provided by staff members of 
the AEC Divisions of Reactor Development and Finance. The report is intended 
only for information and discussion and does not necessarily represent an official 
position of the Atomic Energy Commission on any of the subjects covered. Com- 
ments, corrections, and additions from readers will be welcome. 


The report is concerned only with stationary nuclear plants that are designed 
primarily for the generation of electricity. It considers data on the cost of elec- 
tricity from those plants that are presently in operation, being built, or planned for 
early construction, It does not deal with studies of subsequent plants or the role of 
nuclear power in meeting long-term energy needs. 


Principal sources of reactor information have been papers and books prepared 
for the Second International Conference on the Peaceful Uses of Atomic Energy at 
Geneva in September 1958, the Hearings in February 1959 before the Joint Com- 
mittee on Atomic Energy, Congress of the United States, on Development, Growth, 
and State of the Atomic Energy Industry, the Directory of Nuclear Reactors issued 


by the International Atomic Energy Agency in June 1959, and other published re- 
ports and articles. 
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CAPITAL COSTS 


This section deals with broad categories of capital cost for a nuclear power plant. Sources 
of information are estimates, bids, and actual costs in a few cases. The figures depend on 
reactor size, design, and location, degree of conservatism, time and purpose of the estimate } 
or bid, and definition of items included in each cost category. Consequently, figures from dif- 
ferent sources are often not comparable. Moreover, a breakdown of costs is not available for 
some projects. However, available data have been collected and are discussed below, capital 
costs for specific nuclear plants are given in Table 1, and a comparison of capital costs per 
installed kilowatt for nuclear and conventional steam plants is shown in Fig. 1. 


LAND, SITE IMPROVEMENTS, AND STRUCTURES (INCLUDING CONTAINMENT) 


The land area required for a nuclear plant is greater than for a conventional thermal plant 
of the same capacity, according to present safety rules. This is true even though the use of a 
containment structure as a safety measure reduces the extent of the denial area required for a 
nuclear plant. Containment measures may include a steel and concrete gas-tight structure 
around the reactor, air locks for entrances and exits, a ventilation and filter system, and a 
spray system. With additional operating experience, it may be possible to eliminate some of 
these measures or to reduce their costs. Other structures around those portions of a nuclear 
plant containing radioactive materials require shielding and are therefore more costly than } 
corresponding structures for a conventional plant. From the data available for this study, the 
land, site improvement, and structural costs may vary from $40 to $210 per electrical kilowatt 
for large nuclear plants, compared with $6 to $55 per electrical kilowatt for large, modern, 
fossil-fuel plants as reported in the journal, Electrical World, for Oct. 7, 1957. 


REACTOR AND STEAM GENERATING SYSTEM 


This category includes the reactor pressure vessel and everything within it except the fuel 
elements. It includes cooling and moderator materials, such as heavy water, sodium, and 
graphite. It also includes equipment for controlling the reactor, handling fuel, supplying coolant, 
and disposing of waste, as well as heat exchangers, steam generators, pumps, piping, and in- 
strumentation. (Boiling-water reactors operating on a single cycle to provide steam directly 
to the superheater or the turbine eliminate heat exchangers and steam generators.) The cost 
of the reactor and steam generating system for large plants currently ranges from $180 to 
$350 per kilowatt, compared with $40 to $85 per kilowatt for corresponding equipment in a 
large, modern, conventional plant. Increased power output and other technical improvements 
as well as manufacturing and operating experience over the next decade should result in sig- 
nificant reductions in capital costs per installed kilowatt in this category. For example, the 
Consolidated Edison Company of New York, Inc., has estimated that, if its plant under con- 
struction at Indian Point, New York, were duplicated at the same site, the cost of the nuclear 
portion would be reduced by one-third. 
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Table 1. 


Plant 


Pressurized Water 


SM-1, Ft. Belvoir 
Obninsk (USSR) 
BR-3 (Belgium) 
Shippingport 
Yankee 

SELNI (Italy) 
Voronezh (USSR) 
Indian Point 


Boiling Wate» 


EBWR 

Vallecitos 

JPDR (Japan) 

RWE (Germany) 
Elk River 
Humboldt Bay 
Ulyanovsk (USSR) 
Northern States 
Sverdlovsk (USSR) 
SENN (Italy) 


Dresden 
Gas Cooled 


lak Ridge 

AGR (UK) 
Philadelphia Ele 
Florida West Coast’ 
EDF-1 (France) 
Berkeley (UK) 
Bradwell (UK) 
Hunterston (UK 
Bohunice (Czech.) 





JAPC (Japan) 
EDF-2 (France) 
SIMEA (Italy) 
Hinkley Point (UK) 


Heavy Water Cooled 


arolinas-Virginia 
NPD-2 (Canada) 
CANDU (Canada) 


Organi« 
Piqua 


Sodium Graphite 


SRE 
Ulyanovsk (USSR) 
Hallam 


Fast Breeder 


Dounreay (UK) 
EBR-I 
BN-50 (USSR) 
PRDC 


ATOMIC ENERGY 


Net 
electrical 


INDUSTRY 


CAPITAL COSTS OF SPECIFIC NUCLEAR POWER PLANTS 


Capital cost Dol 
in millions 
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lars per 


net electrical 


Status megawatts* of dollars” kilowatt 
Operable 1.9 3.8 2000 —~ 
Operable 5 -- -- 
Being built 10.5 10.3 980 
Operable 60° 73.4° 1220 ~ 
Being built 110 51.4 470 
Planned 160 50 310 
Being built 196 (2) -- -- 
Being built 255° 100° 390 
Operable 4.5 4.6 1020 ~ 
Operable 5 3.1 620 
Planned 11.7 8.6 740 
Being built 15 8.4 560 
Being built 22° 11.8 540 
Planned 46.5° 19.5 420 
Being built 50" -- -- 
Being built 62° 20 320 
Being built 94 (4) -- -- 

lanned 150 55° 370 
Being built 180 a 280 
Planned 2 30 1250 
Being built 28 - - 
Planned 28.5 25.7 900 
Planned 50 28.5 570 
Being built 68 34 500 
Being built 138 (2) 112° 410 
Being built 150 (2) 122° 410 
Being built 150 (2) 115° 380 
Planned 150™ -- -- 
Planned 166 80 480 
Being built 195 -- -- 
Being built 200 7 360 
Being built 250 (2) 168° 340 
Planned 17 23 1350 
Being built 19 26 1370 
Planned 200 64° 320 
Planned 11.4 9 790 
Operable 5.7 9.6 1680 ~ 
Being built 50” -- -- 
Being built 75" 50 670 
Operable 12 o- -_ 
Being built 16.5 20° 1200 
Planned 50™ -- -- 
Being built 94 53.5 570 
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Footnotes for Table 1 


4Design capacity for initial operation. Where a nuclear power station includes two or more similar 


reactors, the capacity is given for one reactor with the number of reactors in parentheses. 


°Not intended to include cost of research and development (other than that covered in a manufacturer's 


contract price) or costs of fuel inventory, fuel-element fabrication, substation, or transmission lines. 
~ Graphite mode rated 


“Increase to 92 net electrical megawatts is planned without additional capital cost; increase to 135 net 


electrical megawatts is estimated for additional capital cost of $20 million. 


apitalized costs of $1.6 million, primarily prorated fuel-cycle cost, during per- 
formance test to prove out construction. 


Does not include 


To operate at 134 net electrical megawatts after the first core. 


*Superheating with oil contributes 104 net electrical megawatts of the total. 
Estimated total cost, including cost of engineering, research, and development listed at $7.4 million, 
Limited by capacity of turbine-generator. 


Incremental cost at Vallecitos Atomic Laboratory of General Electric Co. Includes cost of fabricating 
first core. 





“Superheating with coal contributes about 7 net electrical megawatts of the total. 


* Gross electrical capacity is to be 50 megawatts initially and is to be increased to 60 megawatts in two 
years after startup. 





™ May be gross electrical megawatts. 

"Includes nuclear superheat. 

“From graph on page 96 of Nucleonics, March 1959. 

? Includes contract price of $45 million, cost of land at $0.55 million, and overhead and interest during 
construction at $5.6 million. 

“For metal-clad fuel elements. Power level for graphite-clad fuel elements is estimated to be 40 net 
electrical megawatts. 

" Heavy-water moderated. 


* Cost of a two-reactor station. 

‘ From Atoms in Japan, May 1959. 

‘Includes superheating with oil.” 

“Includes cost of engineering and development. 


“Increase to 87.5 net electrical megawatts is possible without additional capital cost. 
“Does not include cost of fuel recycle plant. 


KILOWATT 


PER ELECTRICAL 


STATION COST, DOLLAR 
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fa SM-1($ 2000 / KW) 


() SRE ($ 1680/kw) 
1400 
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RANGE OF STATION SIZES ELECTRICAL MEGAWATTS (NET) 


Fig. 1—Capital costs of power stations. 
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Superheating steam from a nuclear reactor or from a conventional boiler improves the ES 
thermal efficiency and usually the economy of power production. In the Indian Point nuclear 
plant, the steam is to be superheated by burning oil. In the nuclear plant of the Northern States 


Power Company at Sioux Falls, South Dakota, the steam is to be superheated by passing it back wt 
through a higher temperature portion of the reactor core. Further technical developments on 
should permit significant increases in operating temperatures and thermal efficiencies of 


nuclear plants, with consequent reductions in capital costs per installed kilowatt. 


TURBINE-GENERATOR 


This category includes equipment for converting steam to electricity. For most nuclear 
plants of current design, the temperature and pressure of the steam produced are lower than 
for new conventional plants, the thermal efficiencies are lower, and the costs of the turbine- 
generator per installed kilowatt of electric power are higher. Turbine-generator costs for } 
large nuclear plants considered here are $100 to $210 per kilowatt, whereas for modern 
fossil-fuel plants the range is $40 to $60 per kilowatt. Although the higher costs for nuclear 
plants are in part due to poorer steam conditions, in some cases they result in part from 
purchasing a turbine-generator with a capacity in excess of that required for the design output 
of the first core. For example, the net output of the reactor of the Power Reactor Development 
Company (PRDC) at Lagoona Beach, Michigan, during operation with the first core has been 
stated as 94 electrical megawatts, giving turbine-generator costs of about $130 per kilowatt. 
The turbine-generators are designed to net 145 megawatts, corresponding to about $85 per 
kilowatt. 


MISCELLANEOUS CAPITAL COSTS 


There are a number of cost items prior to and during construction that should be included in 
the capital costs. Examples are design, engineering, inspection, temporary offices and utilities, 
rental of equipment, field and home office expenses, payroll taxes, and fee or profit. An item of 
particular significance is interest during construction. For example, if construction funds cost 
6% per annum and are spent at a uniform rate over a period of three years, interest during 
construction amounts to 9% of the total construction cost. 


Expenses are incurred during the test period between the time when the plant is turned over T 
by the constructor to the operator and the start of commercial operations. During the period of and 
operations, working capital is required to cover current expenses. In most cases it is not clear exp 


whether these two items have been included in the capital costs given for nuclear plants. 


CAPITAL COSTS FOR SPECIFIC NUCLEAR PLANTS 


Table 1 gives capital costs of specific nuclear power plants that are operable, being built, or 
planned for early construction. These are arranged by reactor types and are listed in ascend- 
ing order of net electrical capacity under each type. The capital costs listed are not intended to 
include the cost of research and development (other than that covered in a manufacturer’s con- 
tract price) or the costs of fuel inventory, fuel-element fabrication, substation, or transmission 
lines. It should be emphasized that consistent cost figures are difficult to obtain and that cau- 
tion is necessary in comparing the costs of different plants. 


Figure 1 shows the capital cost per installed kilowatt for nuclear plants in comparison with 
a curve of average costs of modern fossil-fuel plants taken from the journal, Electrical World, 
for Oct. 7, 1957. The cost of a nuclear plant ranges from about two to six times the cost of a 
conventional plant of the same capacity. 
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ESTIMATES VERSUS ACTUAL COSTS 




















r 
ates Estimates of the capital costs of specific nuclear plants have tended to increase with time. 
back Where there is evidence on actual costs, they have tended to exceed the estimates. Some data 
on these points are given below. 
} 
Capital cost in millions of dollars 
Original Current 
| Nuclear plant estimate estimate Actual cost 
an SM-1 1.9° 3.8 
“a | Shippingport 47.8 73.4 
Yankee 2.9 51.4 
Indian Point 52.5 100° 
EBWR } 4.6 
ear Vallecitos 4 2.5 
Elk River 6.2 11.8 
itput Piss 56 : 
ment SRE 7.3 
en Hallam 50 
att. PRDC 53.5 
r — - = — — = 
"Accelerated construction schedule would have increased this to 
Includes cost of engineering, research, and development listed at 
$7.4 million. 
| Incremental cost at Vallecitos Atomic Laboratory of General 
ied in Electric Co. Includes cost of first core but excludes $0.6 million for 
ilities, tur F ne-generator. 
tem of Includes cost of fuel fabrication 
Cost of reactor, not including power-generating equipment at $1.4 
8 cost nillion or site and structures at $0.9 million. 
Ve 
over There are undoubtedly many reasons for the increased capital costs given in the above table, 
riod of and their relative importance probably varies from project to project. Consolidated Edison has 
t clear explained the increases in the estimated costs of its Indian Point nuclear plant as follows: 
Cost of conventional portion Millions of dollars 
Estimate of March 1955 36.5 
silt, or Increase in gross capacity* 4.0 
‘cend- Escalation 3.5 
nded to Design changes 1.0 
Estimate of September 1957 45.0 
s con- 
mission | Cost of nuclear portion 
t cau- 
Estimate of March 1955 16.0 
Increase in gross capacity* 2.7 
n with Escalation 2.1 
World, | Waste disposal system 2.1 
+ of a Safety requirements 3.2 
Engineering, research, and development 7.4 
| Underestimate and design changes 6.8 
Contingencies, overhead, and interest 
during construction 4.7 
Estimate of September 1957 45.0 


*From 236 to 275 electrical megawatts. 











606 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


The cost increases resulting from increased gross capacity and escalation represent a 
Situation that can also arise in the construction of fossil-fuel plants. In regard to the other 
items, much more basic nuclear research and development was involved than originally esti- 
mated and plans were modified a number of times, thereby increasing the cost of engineering. 
In addition, many items were underestimated and design changes increased the cost of the 
hardware, quickly eating up the original allowance for contingencies. The most recent cost 
estimate for the entire plant is about $100 million as the result of a further increase of $10 


million, almost wholly attributable to price escalation. 


VARIATIONS IN CAPITAL COST WITH DESIGN POWER LEVEL 


It is apparent from Table 1 and Figure 1 that unit capital costs in dollars per installed kilo- 
watt tend to decrease as the design power level increases. For example, estimated costs for 
boiling-water nuclear plants decline from $540 per kilowatt at 22 megawatts (Elk River) to 
$370 per kilowatt at 150 megawatts (SENN). Part of this variation is due to other factors than | 
plant capacity in some cases. The larger nuclear plants listed tend to come later in time, so 
that improvements in technology are reflected in their estimated costs. Furthermore, none of 
the nuclear plants with design power levels above 60 electrical megawatts have been completed 
and, as indicated in the preceding section, estimated costs have tended to be less than finally 


realized costs. j 


Because of the limited experience with nuclear power and its changing state of technology, 
quantitative relationships between installed capacity and capital cost are not firm at the present 
time. For conventional thermal plants in the United States, average costs vary from $250 per 
installed kilowatt at 20 to 40 megawatts to $140 per installed kilowatt at 300 to 500 megawatts. 


Nuclear power could still be competitive at somewhat higher capital costs than these, if the 


sum of operating, maintenance, inventory, and fuel-cycle costs were lower for nuclear than for | 
conventional plants. However, reduction in the present high capital costs of nuclear plants is a 
vital objective of the development program. 
EFFECT OF SURPASSING THE DESIGN POWER LEVEL 

} 


A thermal power level of 60 megawatts has been attained in the Experimental Boiling Water 
Reactor (EBWR) at the Argonne National Laboratory in Illinois, compared with the design level 
of 20 megawatts; conversion to 100 megawatts is planned. The Vallecitos Boiling Water Reactor 
yf the General Electric Company at Pleasanton, California, has operated at the maximum au- 
thorized level of 30 thermal megawatts, compared with the design level of 20 megawatts. These | 
increases were possible because the power limits set by stability requirements are consider- 
ably higher than those initially imposed on the basis of the early Borax experiments. The 
limited capacity of the turbine-generators associated with those reactors do not permit in- 
creasing the electrical power levels accordingly. Additional capital investment in such facili- 
ties could lower the over-al! capital cost per kilowatt of electrical capacity 


Significant increases in the power levels of large nuclear plants may be feasible. This is 
indicated by the planned increases in net electrical megawatts from 110 to 134 for Yankee, 94 
to 140 for PRDC, and 60 to 92 for Shippingport, all without additional capital costs. A further 
increase from 92 to 135 net electrical megawatts for the Shippingport Atomic Power Station in 
Pennsylvania may be attained with a capital expenditure of $20 million. 

Potential increases in the power level of the reactor of the Commonwealth Edison Company 
at Dresden, Illinois, are given on page 498 of the 1958 Geneva Conference book on Boiling 
Water Reactors. The design power level is 180 electrical megawatts, and the capital cost 
based on the contract price is $51 million or $283 per kilowatt. The reactor and the turbine- 
generator may be able to operate at about 5% above the design level with no additional capital 
investment, corresponding to 190 megawatts and $268 per kilowatt. The reactor core as 
originally designed may be capable of operating at 205 megawatts, the cost of an additional 
turbine-generator of 15 megawatts capacity is estimated at about $1.7 million, and the over-all 
capital cost would then be $257 per kilowatt. 
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A redesigned core, in which the diameter of the fuel elements is decreased in order to raise 
the thermal output without exceeding the central temperature limits of the fuel, may permit 
operation of Dresden at a power level of 245 megawatts; the cost of adding to the original 
turbine-generator a unit of 55 megawatts capacity is estimated to be about $6 million; and the 
over-all capital cost would then be $233 per kilowatt. All of the other equipment would be 
adequate for operation at this power level; the reactor recirculating and steam separating 
equipment can accommodate a 62% increase in primary steam flow without alteration. (An ad- 
vanced station design of the Dresden type with a further redesign of core and increased pumping 
capacity and steam handling equipment might attain a level of 300 megawatts, and the capital 
cost per kilowatt would be further reduced.) It should be pointed out that the redesigned cores 
may well be more expensive to fabricate, so that a reduction in capital cost per kilowatt does 
not necessarily mean a reduction in the total cost of power. 


THERMAL EFFICIENCY 


The capital cost of a power plant per kilowatt of electrical capacity and the fuel cost per 
kilowatt hour depend on the thermal efficiency of the plant, which is defined as the ratio be- 
tween the net electrical output and the heat output.* It depends on the temperature and pres- 
sure of the steam generated, the design and performance of the heat exchangers and the 
turbine-generator, and the amount of electric energy consumed in operating the plant itself. 
The operating efficiency may differ from the design efficiency because of such variables as 
the temperature of the condenser cooling water and standby time when fuel is being burned but 
no electricity is being generated. 


The average thermal efficiency of conventional power plants has improved considerably over 
the years and is still improving. This is indicated by the following published data on the num- 
ber of pounds of coal consumed per kilowatt hour of electricity generated. 


Pounds of coal per electrical kilowatt hour 


Average for Best new plants in 

Year United States United States 
1905 §.7 3.6 
1910 4.6 2.5 
1915 8 1.9 
1920 1.6 
1925 2.0 1.2 
1931 1.6 1.0 

l > 1.44 1.0 
194 1.34 5 
194 1.31 0.85 
195 1.19 0.78 
1955 0.95 0.73 

Pr le 

16 0.70 
197( 0.63 

80 0.58 


*The heat output of a conventional plant is measured by the heat of combustion of all the fossil 
fuel used and includes energy lost through the furnace walls and the smokestack. The heat out- 
put of a nuclear plant is usually measured by the increase in energy content of the coolant in 
passing through the reactor and therefore does not include energy losses from the reactor. This 
makes thermal efficiencies of nuclear plants appear somewhat higher than they should when 

ympared with conventional plants 
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The efficiency of the best new plants burning coal in the United States has increased from 
about 8% in 1905 to about 40% at present. This has resulted from improving efficiency of com- 
bustion, reducing heat losses, and using steam at the higher temperatures and pressures made 
possible by improvements in the properties of materials. This technology is also available for 
nuclear power plants, but cannot be fully utilized at present because of additional requirements ais 
that must be met. The necessity of conserving neutrons, protecting the nuclear fuel while it is 
being burned, and confining the fission products means that structural, cladding, and alloying 
materials have to be developed not only to withstand thermal and corrosive effects but also to ( 
perform well under neutron irradiation. The result is that nuclear plants are not presently 
operating at the steam temperatures and pressures common for conventional power plants, : 
which are around 1,000°F and 1,800 pounds per square inch. However, efforts are being made ; 
to improve nuclear plants in this regard. One method is to use gaseous coolants or liquid ' 
coolants with high boiling points. Another method is to superheat the steam, either by passing I 
it through a higher temperature portion of the reactor or by heating it with fossil fuel. 


Design efficiencies and steam conditions for a number of nuclear plants are listed in Table 2, 


VARIATION IN CAPITAL COST WITH REACTOR TYPE | 


Each type of reactor now being seriously studied has potential advantages and disadvantages 
compared with other types. Some of these, such as safety, cannot be evaluated by the estimated 
cost of nuclear power. Furthermore, capital cost is only one item, although an important one, 
in the total cost of nuclear power; lower capital costs may be offset by higher fuel or operating 
costs. Although knowledge and experience to date do not enable firm, quantitative statements 
to be made, the following discussion indicates in a qualitative way some factors believed to be 
important in determining relative capital costs. 


reoW = fm nh oe he. UCU OU 


Water cooled and moderated reactors can draw on a large amount of engineering and operating 
experience with equipment handling water and steam under a wide range of temperatures and 
pressures. Pressurized light-water reactors are known to be feasible as the result of operating 
several units, military and civilian, and much of this experience is directly applicable to pres- 
surized heavy-water reactors as well. Therefore, costs of research and development of new 
units may be reduced. The high heat-carrying capacity of liquid water permits the attainment 
of high power densities. However, existing pressurized-water reactors produce steam of sub- 
stantially lower temperatures and have lower thermal efficiencies and higher turbine costs than 
do conventional thermal plants of modern design. The high pressures required to produce H 
satisfactory steam conditions would increase the costs of the pressure vessel and associated | 


~wOoewwmnwwsto ono 


} 


equipment and would limit the size and power level of reactors. These limitations can be . 

avoided by the use of a pressure-tube design, which will be tried in the reactor of the | CG 

Carolinas-Virginia Nuclear Power Associates, Inc., at Parr, South Carolina, and in the NPD-2 ss 

in Canada, both being small heavy-water reactors. Use of nuclear or fossil-fuel superheat 

could raise the temperature of the steam and improve the thermal efficiency. The Consolidated 0: 

Edison and Carolinas-Virgiria plants will use oil-burning superheaters for this purpose. Pi 
Se 


Heavy water provides considerably better neutron economy than light water. However, the | 
volume of moderator required is greater for heavy water than for light water, so that the size SF 
of the reactor and its capital costs are increased. In addition, the investment for the initial 


Ha 

heavy-water inventory for a large reactor moderated and cooled with heavy water may be in 
the neighborhood of $45 to $75 per kilowatt. Finally, precautions taken to reduce losses of Fé 
heavy water during operation tend to increase plant construction costs. Do 
} EE 
Boiling water reactors using light water have been demonstrated in small sizes. They have BD 


producing steam of the same or higher temperature. The high heat-transfer rate obtainable 
under conditions of nucleate boiling may permit high specific power, thus reducing the in- 
reactor inventory of fissionable material. For certain designs the presence of vapor bubbles 
may serve as an automatic safety feature in that loss of coolant supply reduces reactivity. 
Boiling light-water reactors using natural convection reduce the costs of pumps for coolant 


the advantage of operating at much lower pressures than pressurized water reactors while | PR 
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| Table 2. EFFICIENCY AND STEAM CONDITIONS FOR NUCLEAR POWER PLANTS 











) - 
m Steam conditions at outlet of 
ade | Design net nuclear steam generator 
for Plant 
1 ant efficiency, % Temperature, *F Pressure, psia 
en — —————— —— 
tis Pressurized Water 
ue SM-1, Ft. Belvoir 19 407 200 
to j Obninsk (USSR) 17 500 184 
BR-3 (Belgium) 26 471 508 
Shippingport 27 486 600 
Yankee 28 475 540 
ide SELNI (italy) 26 467 500 
Vorenezh (USSR) 26 446 470 
jing Indian Point * 26 449 420 
Boiling Water 
} 
ple 2, | —-EBWR 23 a ‘a 
Vallecitos 25 545 1000 
JPDR (Japan) 25 895 529 
RWE (Germany) 25 497 663 
Elk River® 26 531 890 
Humboldt Bay 29 548 1025 
ages =| Ulyanovsk (USSR) 20° 446 426 
nated Northern States° 31 825 555 
one, | Sverdlovsk (USSR)© 33 950 1470 
ating SENN (Italy) 30 543 990 
ate Dresden 29 547 990 
o be Gas Cooled 
Oak Ridge 28 900 1300 
AGR (UK) : 28 860 660 
erating Philadelphia Elec 31 850 865 
and Florida West Coast 33 1000 1250 
erating EDF-1 (France) 21 649 309 
pres- Berkeley (UK) 25 612 321 
Bradwell (UK) 28 705 777 
ew Hunterston (UK) 28 700 595 
nent Bohunice (Czech) 25° 752 426 
sub- / JAPC (Japan) 28 709 778 
ts than EDF-2 (France) 24 642 459 
SIMEA (Italy) 2 703 770 
P ‘ Hinkley Point (UK) 26 685 655 
ate 
Heavy Water Cooled 
| 
Carolinas-Virginia® -- 503 700 
IPD-2 NPD-2 (Canada) 22 450 415 
of CANDU (Canada) 25 419 304 
lidated Organic 
Piqua 25 550 440 
the | Sodium Graphite 
» size SRE 27 825" 615 
jal ' Ulyanovsk (USSR) -- 932 1320 
. in Hallam 30 833 865 
of Fast Breeder 
Dounreay (UK) 17 525 200 
\ EBR-0 26 850 1265 
ey have BN-50 (USSR) -- 788 470 
ile PRDC 31 740 600 
able —— ae 7 = ; 
i- 
obles 
ty. 
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Footnotes for Table 2 


*Oil-fired superheater raises the efficiency to 31%, delivering steam at 1000°F and 370 psia. 

> Coal-fired superheater raises the efficiency to 30%, delivering steam at 825°F and 615 psia. 

“Design gross efficiency. 

“Includes nuclear superheat. Steam conditions before nuclear superheat are 489°F and 615 psia. 

“Includes nuclear superheat. Steam conditions before nuclear superheat are 644°F and 1600 psia. 

‘For metal-clad core. Graphite-clad core is expected to provide an efficiency of 35% and steam con- 
ditions of 1005°F and 1500 psia. 

8 Oil-fired superheater raises the efficiency to 28%, delivering steam at 725°F and 415 psia. Information 
on the efficiency without the superheater is not available. 

"Steam temperature of 970°F has actually been attained. 


circulation. Boiling heavy-water reactors, because of a much more rapid decrease in reac- 
tivity with percentage of steam in the moderator, may require forced circulation, and current 
designs are of this type. The elimination of the steam generator between the reactor and the 
turbine reduces capital costs, but places a more severe requirement on fuel element integrity 
to prevent radioactive contamination of the turbine by steam flowing directly from the reactor. 
Boiling water reactors appear to be more readily adaptable than pressurized water reactors to 
nuclear superheating. The Northern States plant will provide for nuclear superheating by re- 
circulating the steam through the reactor. The plant of the Rural Cooperative Power Associa- 
tion at Elk River, Minnesota, will use a coal-fired superheater. 


Organic cooled reactors may operate at pressures of one-eighth to one-tenth of those for 
boiling water reactors, while producing steam at the turbine of about the same temperature and 
quality. The radioactivity induced in the coolant is low and the corrosion is low, so that use can 
be made of ordinary steel and some items of conventional equipment. However, decomposition 
products may cause fouling of fuel elements and other heat transfer surfaces. The heat trans- | 
fer properties of organic materials are iuferior to those of water, so that the heat exchangers | 
must be larger than for water reactors. The specific power and the power density of organic 
reactors are lower than for light-water reactors, resulting in larger fuel inventories and larger 
reactor cores. The lower cost of structural materials and equipment may more than balance | 
the higher cost resulting from the greater size of the core, compared with water reactors. 
Additional considerations enter into the total cost of electricity, such as the cost of makeup of 
the organic material on the one hand and the savings in the cost of fuel element fabrication on 
the other hand. 


Sodium cooled reactors operating at relatively low pressures can generate steam of tem- 
perature and quality comparable with the steam conditions in modern fossil-fuel plants. Heat- 
removal characteristics of sodium are excellent, permitting high specific powers. Because of 
the chemical reactivity of sodium and its high induced radioactivity, leak-tight systems are 
essential and add to the capital costs. Unless sodium is kept free of oxygen, corrosion may be 
severe. Although many cheap structural materials are resistant to corrosion by sodium, the 
present lack of large-scale commercial experience with sodium as a coolant means that de- 
velopment costs for special equipment will result in increased manufacturing costs. Sodium 
is not readily compatible with good moderators. Use of graphite may require that it be canned 
to prevent absorption of sodium, and use of heavy water poses problems of chemical incom- 
patibility. 


The principal advantage of the sodium-cooled fast-breeder reactor is the high breeding gain 
possible. The high power density of the core of a fast breeder requires the use of a coolant with 
the excellent heat-removal properties of sodium. The other advantages and disadvantages of 
sodium as a coolant in such a reactor are the same as discussed above, except that there is no 
moderator to pose compatibility problems. 


Gas cooled reactors, operating at pressures of one-half to one-fourth of those for boiling 
water reactors, may permit the generation of steam of superheat comparable to that for 
modern fossil-fuel plants. Poor heat transfer and carrying properties of gas result in large, 


scm ot et Cj} 


on- 


mation 


ac- 
rrent 
the 
grity 
actor. 
tors to 
y re- 
30cia- 


for 

ure and 
use cal 
sition 
‘rans- 
ngers 
ranic 

d larger 
ance 

‘Ss. } 
eup of 
ion on 


em- 
Heat- 
use of 
are 
may be 
|, the 
| de- 
dium 
canned 
-om- 


ng gain 
lant with 


res of 
re is no 


iling 


large, 


DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 611 


and consequently expensive, reactor vessels and heat exchangers. The reactor vessels are 
particularly large if graphite is used as the moderator. Pressure-tube designs using heavy 
water as a moderator are considerably smaller. Gas-cooled graphite-moderated reactors can 
be designed so that their reactivity decreases markedly with increasing temperature, thus 
providing a very important safety factor. Graphite moderated and, to a greater extent, heavy- 


water moderated reactors can be designed to operate on natural uranium with a reasonable fuel 
life before reactivity limits are reached. 
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ANNUAL FIXED CHARGES 


This section discusses the annual fixed charges on capital invested in power plants in the 
United States. These include the cost of money, depreciation, interim replacements, insurance, 
and taxes and are expressed as percentages to be applied against the initial plant investment. 
In order to obtain the contribution of annual fixed charges to the cost of power in mills per 
kilowatt hour, consideration is given to the plant factor which, together with the power capacity, 
determines the kilowatt hours generated per year. 


COST OF MONEY 


The national average for private financing of conventional thermal power plants corresponds 
to approximately 50% bonds, 15% preferred stocks, and 35% common stocks. The annual rates 


of return are taken as 4.5% for bonds, 5.0% for preferred stocks, and 9.57% for common stocks, 


This gives a weighted average of 6.35% in accordance with Technical Memorandum No. 1, Sup- 
plement No. 2 of Mar. 19, 1959, by the Bureau of Power, Federal Power Commission. This is 
the figure used in this report for privately-owned nuclear power plants. 


Power plants owned by public utility districts are financed by money costing about 4.5% per 
annum. Power plants have been financed by the Rural Electrification Administration by loans 
bearing interest of 2% per annum. 


DE PRECIATION 


In making economic analyses of power projects, the Bureau of Power (FPC) uses an esti- 
mated service life of 35 years for conventional thermal power plants of modern design. We 
are taking a shorter period of 25 years for nuclear plants in order to make some allowance 
for special features of these plants, such as, irradiation effects. The annual fixed charge for 
depreciation also depends on the method used. 


By the method of straight-line depreciation used by most of the privately owned utilities, 
equal allowances are made for depreciation each year and the undepreciated balance for a 
particular plant decreases correspondingly year by year. 


By the sinking-fund method, a fixed amount of money is put into a fund each year, which 
draws interest and by the end of the depreciation period equals the initial capital cost of the 
plant. In determining the annual return on the plant investment, the initial value of that in- 
vestment is regarded as applying during the period. 


Because of the convenience of the sinking-fund method and because it gives approximately 
the same results as the average for the straight-line method, it is often used in studies of the 
cost of electric power and is adopted here. 
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INTERIM REPLACEMENTS 


When the sinking-fund method is used, provision must be made for replacement of items of 
equipment having a life span less than the estimated service life of the plant. An average al- 
lowance equal to 0.35% of the plant investment is used for conventional thermal plants and the 
same allowance is assumed here for nuclear plants, although modification of this allowance 


may be necessary when substantial experience with full-scale commercial nuclear power plants 
becomes available. 


INSURANCE 


The annual cost of insurance for a conventional thermal plant ranges from 0.10 to 0.35% of the 
total plant investment. An average of 0.25% is used by the Bureau of Power (FPC). For a nu- 
clear plant, insurance against nuclear hazards to the plant itself may add another 0.25%. 


In addition, the law requires that private operators of nuclear plants having a capacity over 
100 electrical megawatts purchase the full amount of liability insurance available from com- 
mercial sources, which is presently $60,000,000. The cost of this insurance depends on the 
location and safety characteristics of the nuclear plant and on use, thermal capacity, and con- 
tainment. Annual premiums have been calculated for some plants and have ranged from 0.25 
to 0.93% of the plant investment. Finally, the fee for indemnity up to $500,000,000 provided by 
the Federal Government for nuclear plants is $30 per year per thermal megawatt. This amounts 
to about 0.03% per year of the plant investment when the unit capital cost is $350 per installed 
electrical kilowatt, and a lower percentage for higher unit capital costs. The annual cost of 


liability insurance and indemnity together may therefore vary from about 0.3 to 1.0% of the 
plant investment. 


The total cost of insurance for a nuclear plant may thus range from about 0.8 to 1.5% of the 
plant investment, and an average value of 1.0% is adopted here. 


TAXES 


Federal taxes other than income include old-age, unemployment, and excise taxes and amount 
annually to about 0.1% of the investment in privately-owned power plants. State and local taxes 
paid by privately-owned utilities generally include property, income, franchise, capital stock, 
gross earnings or receipts, occupation or license, energy or generation, unemployment, and 
excise taxes and amount each year to about 2.37% of plant investment on the average. About 
65% of the total state and local taxes is property or ad valorem taxes. 


For Federal income tax, the normal and surtax corporate rate amounts to 52% of the dif- 
ference remaining after deduction from gross revenues of other taxes, all production costs 
(including those for operation, maintenance, and fuel), depreciation, insurance, and interest to 
bondholders. For the proportions of bonds and stocks and the rates of return assumed above, 
the annual Federal income tax would amount to 4.4% of the total plant investment. However, 
the Federal Revenue Act of 1954 permits the use of liberalized depreciation methods for 
income-tax purposes in regard to depreciable plant investment made after Dec. 31, 1953. Many 
privately-owned utilities have adopted such methods, with the result that part of their annual 
income-tax payment is deferred during the first portion of the depreciation period. Even when 
tax deferrals are added to the taxes paid, there are large variations in annual Federal income 
taxes from one company to another, the range being from about 2% to about 6% of the plant 
investment. The Bureau of Power (F PC) has found the national average to be 3.57% and that 
figure is used here. 


This treatment of income taxes assumes that, in the period prior to economically com- 
petitive nuclear power, the added costs will be included in the rate structure and passed on 
to the consumers of electricity. Where this is not the case, installation of a non-competitive 
nuclear plant rather than a conventional plant will reduce the corporate income and the in- 
come taxes paid. 
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For power plants financed by public utility districts, there are no Federal income taxes and 


s] 
we have taken other taxes to be about 1.1% of plant investment. For power plants financed by eC 
the Rural Electrification Administration, there are also no Federal income taxes and we have fa 
taken other taxes to be about 0.5% of plant investment. cr 
th 
TOTAL ANNUAL FIXED CHARGES ON PLANT INVESTMENT nt 
Annual fixed charges as percentages of plant investment are summarized and totaled in the F 
following table. Where these charges are different for a conventional thermal plant than for a 
nuclear plant, the first entry is for a nuclear plant and the one in parentheses is for a con- 
ventional plant. fc 


Type of financing 








Public Rural 

Private utility Electrification 

company district Administration 
Cost of money 6.35% 4.5% 2.0% 
Depreciation 1.73 (0.83) 2.24 (1.23) 3.1 (2.0) 
Interim replacements 0.35 0.35 0.35 
Insurance 1.0 (0.25) 1.0 (0.25) 1.0 (0.25) 
Federal come taxes 3.57 0 0 
Othe xes 2.47 1.1 0.5 

Total 15.5 (13.8 9.2 (7.4) 7.0 (5.1) 


PLANT FACTOR 


In order to compute the contribution of annual fixed charges to the unit cost of electric en- 
ergy, it is necessary to estimate the number of kilowatt hours generated by a given plant each 
year. This is determined by the product of the time during which the plant is operating and 
the average power level during operation. When expressed as a percentage of the energy that 
would have been generated if the plant had operated continuously at full capacity, this is called 
the plant factor. 


The plant factor for a nuclear plant is determined by the technical capability of the instal- 
lation, by the demand for electric energy, and by the relative operating costs of the nuclear 
plant and conventional plants in the same system. On the basis of considerable experience 
with production reactors and very limited experience with power reactors, it is often assumed 
that a nuclear plant, after an initial test period, would be technically capable of attaining a 
plant factor of 80%, allowance being made for scheduled and unscheduled shutdowns and re- 
ductions in power. If high irradiation levels are reached without fuel-element failures, the 
frequency of charging and discharging the reactor core will be much lower than for existing 
production reactors. Power reactors under construction in the United Kingdom, utilizing 
uranium metal as fuel and having a lower irradiation level than is expected for most United 
States power reactors, are designed for charging and discharging fuel elements while the 
reactor is operating. Without that feature, the plant factor up to September 1958 was 67% for 
the first Calder Hall reactor and 81% for the second one. The average plant factor for the 
Shippingport reactor was slightly above 30% during 1958, the first year after attaining criti- 
cality; for a three months’ period ending on Sept. 30, 1958, the plant factor was 56.6%. 


The demand for electric energy experienced by any public utility varies with the hour of the 
day and the day of the year. However, there is a base load representing the minimum demand 
to be met at all times. For large utilities, the base load is sufficient to require the operation 
of several power generators, the choice depending on the relative operating and transmission 
costs. If the capacity of the nuclear plants in a given system is within the base load of that 
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and system and if the operating and transmission costs are less for the nuclear plants than for the 
by conventional plants in the system, then the nuclear plants would be operated at as high a plant 
p p Pp g p 
ave factor as they were technically capable of. Even with favorable operating costs relative to 
conventional plants, the average plant factor for nuclear plants will start to decrease when 
their total capacity exceeds the base load. Because of the higher annual fixed charges for 
nuclear plants, they will then find it harder to compete with conventional plants. 
the FIXED CHARGES IN MILLS PER KILOWATT HOUR 
ra 
. The contribution of annual fixed charges to the cost of electricity in mills per kilowatt hour 
for nuclear plants is illustrated in the table below. 
Fixed charges in mills per kilowatt hour 
Plant investment per kilowatt 
$20 $400 $600 $800 $1000 
Pp ( I 
Plant Factor 
2 Etet 35.4 53.1 70.8 88.5 
t 8.9 17 26.6 35.4 44.3 
9 11.8 be 23.€ 29.5 
5 4.4 8.9 13.3 17.7 22.1 
Public Utility District 
Plant Facto 
2 1 21 31.5 42.0 52.5 
40 5.3 10.5 15.8 21.0 26.3 
en- 6( 3.5 7.0 10.5 14.0 17.5 
each 80 2.6 5.3 7.9 10.5 13.1 
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FUEL-CYCLE COSTS 


This section deals with the costs of the fuel cycle for nuclear power plants. Included are the 6 
cost of fabricating the fuel elements, the cost of shipping irradiated fuel, the cost of chemical . 
reprocessing of irradiated fuel and chemical conversion of the special nuclear materials re- 7 
covered, the cost of fuel burnup, and the credit for plutonium and U** produced. (Inventory 7 
charges and the costs of operation and maintenance, including the cost of moderator and cool- Ps 
ant makeup, are discussed in subsequent sections.) In order to express fuel-cycle costs in ee 


mills per kilowatt hour of electricity generated, it is necessary to consider first the irradia- 
tion level of nuclear plants. 


IRRADIATION LEVEL . 


The irradiation level is given in terms of the megawatt days of heat generated per metric 
ton of uranium in the reactor (Mwd/ton). Increasing the irradiation level reduces the annual 
throughput of fuel and the annual cost of fabricating, shipping, and reprocessing fuel elements 
of a fixed design. However, fuel elements capable of withstanding higher irradiation levels 
may be more expensive to fabricate and reprocess. Moreover, the enrichment of the fuel may 
have to be increased in order to maintain reactivity, with the result that burnup and inventory 
charges are raised. The consumption of plutonium or u™ generated in the reactor increases 
with the irradiation level, and the effect on fuel-cycle costs depends on the prices of these ma- 
terials compared with the primary fuel (usually vu). 


Plans for reactors using natural or somewhat enriched uranium are usually based on attain- 
ing average irradiation levels in the range of 3,000 to 13,000 Mwd/ton. Warranties of fuel- 
element performance may be given by manufacturers. 


In the joint program of the United States and Euratom for the installation of a nuclear power 
capacity of 1,000,000 electrical kilowatts in the Euratom countries, the United States is offer- 
ing standard fuel-element guarantees of an irradiation level of 10,000 Mwd/ton and a fabrication 
charge of $100 per kilogram of uranium when clad with stainless steel or $140 per kilogram of 
uranium when clad with zirconium, the fuel being uranium oxide with us assays not greater 
than 3% and diameters between 0.25 and 0.50 inches. For U*** assays between 3% and 5%, the 
corresponding fabrication charges are increased by $8 for each percentage above 3%. For I 


other irradiation levels and fabrication charges, the guarantees are adjusted to give an equiva- 
lent fuel-cycle cost. 


Peak irradiation levels, often occurring in the center of a reactor, may be several times 
greater than the average irradiation level for the reactor as a whole. In small-scale experi- th 
ments, zirconium tubes containing enriched uranium-oxide pellets have been irradiated to $: 
30,000 Mwd/ton without deleterious effects. Enriched uranium oxide dispersed in stainless 
steel and enriched uranium metal alloyed with zirconium have been irradiated to similar levels 
with good dimensional stability. The irradiation level for normal uranium-oxide pellets in 
zirconium tubes in the Shippingport reactor has reached an average of about 2,000 Mwd/ton Pe 
and a peak of about 10,000 Mwd/ton. (The peak occurs near the highly enriched seed.) As ex- - 
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perience increases and technology improves, irradiation levels may be expected to exceed 
present guarantees 


COST OF FUEL-ELEMENT FABRICATION 


Fuel-element fabrication is taken to include all steps in the manufacture of completed fuel 
elements, including chemical, metallurgical, and mechanical processing, inspection, testing, 


j 


and waste recovery. The cost of fabrication per unit mass of uranium depends on the design 
yf the fuel element, its size, dimensional tolerances and other specifications, enrichment of the 
iranium, kind of alloying and cladding materials, number of fuel elements fabricated, and in- 
ventory charges. For example, uranium-oxide pellets as formed may cost one-third less than 
pellets ground to precise tolerances. Utilization of more highly enriched uranium increases 

t 


riticality hazards and necessitates the use of batches of smaller size, thereby increasing unit 


Estimates of fuel fabrication cost are not always clearly defined. In compiling the table be- 
w, the fabrication cost for the first core is divided by the number of kilograms in the core to 


tain the unit cost shown 
Fuel Unit fuel 
fabrication fabrication 
235 
Fuel and ues Uraniun cost, cost, 
g assay n core, kg $ millions $/kg of U 
U-—Zr-—Nb, 1.44* 5,700 0.8 140 
Zire y-2 
: 2 1.9 14,00 3.07 210+ 
Stai Ss 
Steel 3.02t 21,400 3.6 170 
S M ] 
Stainless 
Steel 2.78 3,000 0.33 110 
I { M 
Alur 1.8 600 0.46 7( 


* Of the 114 fuel assemblies, 8 contain normal uranium and 106 contain uranium having a uss assay of 
+t Maximum for first core. Second core is expected to cost less than $2 million or $140/kg of U. 
The charges for fuel-element fabrication on which the standard fuel-cycle costs are based in 


irrangement with Euratom are $100 per kilogram of uranium clad with stainless steel and 


140 per kilogram of uraniu 


th 


$ 





; : 235 : 
m clad with zirconium, for uranium oxide with U concentrations 
greater than 3% and diameters between 0.25 and 0.50 inches. 


The costs of fabricating enriched uranium into fuel elements to meet specified standards of 
performance should decrease substantially as a result of technological improvements and 
e-scale production. However, increasing the irradiation levels and temperatures to be 


¢ 


i may have an opposite effect, at least temporarily 


COST OF TRANSPORTING IRRADIATED FUEL ELEMENTS 
As an example of the cost of transporting irradiated fuel elements from the reactor site to 


the chemical reprocessing plant, a situation similar to that for the reactor of the Yankee 
Atomic Electric Company at Rowe, Massachusetts, is considered. It is assumed that the cool- 


52950 0 60 40 
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ing time between discharge of the fuel elements from the reactor and their shipment is 120 
days or more, that the weight of the shipping cask is 60,000 pounds, and that the weight of ir- 
radiated uranium in each shipping cask is 2,000 pounds. It is further assumed that four casks 
are required but that they are used for fuel from one reactor for a total time of only three 
months each year. This means that it may pay the reactor operator to rent casks rather than 
buy them. Insurance during shipment is taken as 2% of the value of the special nuclear ma- 
terial in the fuel elements. The costs are then as follows: 


Dollars per 
kilogram of uranium 


Freight from New England to Hanford 2.80 

Freight from Hanford to New England 1.40 
(return of empty casks) 

Cask rental 1.30 

Courier charge 0.50 

Insurance 4.00 


Total 10.00 


For a reactor in Western Europe, costs for shipment of irradiated fuel elements from Ham- 
burg to Hanford have been taken in some of the Euratom calculations as $20 per kilogram of 
contained uranium. This was based on smaller shipping casks having a higher ratio of the 
weight of cask to the weight of contained uranium and included costs of ocean freight anda 
higher courier charge than in the above table. 


The factors that contribute most to the uncertainties in these transportation costs are the 
amount of insurance, the choice of cask size and weight, cooling time prior to shipment, and 
effect of negotiations on carrier rates. 


COST OF CHEMICAL REPROCESSING AND CONVERSION 


After irradiation and cooling, fuel elements undergo chemical reprocessing to extract source 
or special nuclear materials. A notice by the AEC in the Federal Register of Mar. 12, 1957, 
established charges for chemical reprocessing based on an assumed plant with a capacity of 
one ton per day for normal or slightly enriched uranium and a reduced capacity for more 
highly enriched uranium. The basic charge was set at $15,300 for each day of plant operation 
required to process a batch of fuel elements, plus a charge to cover start-up, shutdown, and 
clean-up of the process system between batches and a charge to cover process losses. AEC 
charges for fuel elements of several types are shown in the table below. 


AEC charge, 


Reactor Fuel-element type Reprocessing site $/kg U 
Dresden UO,, zirconium clad, 1.5% a Hanford 24 
Yankee UO,, stainless-steel clad, 2.6% 

us Hanford 21 
Hallam U-Mo alloy, stainless-steel 

clad, 2.5% u*% Hanford 20 
PRDC Blanket, U-Mo alloy zirconium 

clad, depleted U Hanford 19 
PRDC Core, U-Mo alloy, zirconium 

clad, 27% u* Savannah River 139 
Con. UO,-ThO,, stainless-steel clad, 
Edison 90% Us Oak Ridge 1240 
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The AEC has reserved the right to terminate chemical reprocessing services when it deter- 
mines that such services are commercially available at reasonable prices. Commercial prices 
will be greatly dependent on the technology used, the scale of operation, and the rate of plant 
imortization. Expanded uses for radioactive fission products may permit their profitable re- 
-overy from power-reactor fuel elements. 


The product of the chemical reprocessing plants is usually purified solutions of uranium ni- 
trate and of plutonium nitrate. The charge by the AEC for converting uranium nitrate to hexa- 
fluoride is currently $5.60 per kilogram of uranium for U** assays of 5% or less and $32 for 


assays above 5%. The charge by the AEC for converting plutonium nitrate to metal is $1.50 
per gram. 


COST OF U?*> BURNUP 


Enriched uranium is leased domestically by the AEC, but the user pays for material lost or 
consumed. The fraction of the contained U*> consumed prior to discharge of fuel elements 
depends on the reactor design, the initial u® assay, and the irradiation level. The initial and 
the final assays determine the unit cost of burnup, which can be computed from the schedule 
yf charges announced by the AEC on Nov. 18, 1956. The burnup cost is the difference between 
the charge for the uranium hexafluoride in fresh fuel and the credit for uranium recovered 
from irradiated fuel and converted back to the hexafluoride. The unit cost of burnup increases 
with the initial U’* assay and decreases as the irradiation level goes up. The variation with 
irradiation level is greater for normal and slightly enriched uranium than for higher assays 
and is quite small for highly enriched uranium 


For example, consider fuel elements containing uranium oxide clad with stainless steel for 
use in a pressurized-water reactor of the Yankee type. The initial U**® assay is around 3% and 


the assay after irradiation to 8,200 Mwd/ton is estimated as about 2.25%. The ys burnup cost 
is then $15.60 per gram consumed. 


Another example is for fuel elements containing uranium oxide clad with a zirconium alloy 
for use in a boiling-water reactor of the Dresden type. The initial uy assay is around 1.8% 
and the assay after irradiation to 11,000 Mwd/ton is estimated as about 0.9%. The u= burnup 
cost is then $14.20 per gram consumed. 


CREDIT FOR PLUTONIUM AND vU?"3 


Under the Atomic Energy Act, any special nuclear material within the United States is the 
property of the United States and a fair price shall be paid to any person lawfully producing 
such material. The domestic price in effect for plutonium delivered to the AEC through June 30, 
1962, is shown below: 


Percent of Price of plutonium 
240 : 
Pu*? metal, $/g 


( 45.0 
2 41.50 
+ 38.00 
6 34.50 
5 31.00 
8.6 and ove! 30.00 


The domestic price is $30 per gram of plutonium metal, regardless of isotopic composition, 
delivered to the AEC during the period of July 1, 1962, through June 30, 1963. The price for 
plutonium metal purchased by the AEC from foreign countries and restricted to peaceful uses 
is currently $12 per gram, based on an estimated value of plutonium compared with enriched 
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uranium as fuel for reactors operating on neutrons of thermal energy. The AEC price for us 
domestically and for foreign purchases is $15 per gram of U?* in the form of the nitrate. 


An important question in regard to the development of economic nuclear power is whether a 
particular plutonium price will remove incentives for attaining high irradiation levels of fuel 
elements. This depends on other costs in the fuel cycle, such as the costs of fuel-element 
fabrication and chemical reprocessing. Consideration of Yankee and Dresden type reactors 
indicate that, for plutonium prices of $30 or less per gram of metal and fuel-element fabrica- 
tion costs of $100 or more per kilogram of uranium, the net cost of the fuel cycle decreases 
with increasing irradiation level throughout the operating range presently anticipated. For 
much higher plutonium prices or much lower fuel-element fabrication costs, the curve of net 
fuel-cycle cost versus irradiation level may pass through a minimum in the anticipated operat- 
ing range, where it would be economic to discharge the fuel elements. 


Another important aspect of a plutonium price is its effect on the economics of recycling 
plutonium as a reactor fuel. There would be no immediate economic incentive to recycle plu- 
tonium in power reactors if the plutonium could be sold at a price higher than its fuel value. 
However, there would still be strong incentives to develop methods of recycling plutonium in 
anticipation of a time when its fuel value would prevail. 


A high price for plutonium tends to favor reactors with a high ratio of plutonium formation 
to U7 burnup, such as heavy water or fast reactors. A high price for plutonium compared with 
the price for u** tends to discourage the construction of reactors producing eel 


TOTAL FUEL-CYCLE COSTS 


The base case chosen for computation of total fuel-cycle costs is a pressurized water reactor 
of the Yankee type, having a thermal efficiency of 28%. The fuel elements are assumed to be 
clad with stainless steel and to contain uranium oxide with such U*" assays as are necessary to 
provide reactivity for achieving given irradiation levels.* Costs per kilogram of uranium are 
taken to be $100 for fabricating fuel elements, $10 for transporting irradiated fuel elements 
from the reactor to the chemical reprocessing plant, and $27 for chemical reprocessing plus 
conversion of uranium nitrate to hexafluoride. The price for plutonium is taken as $12 per 
gram minus $1.50 for conversion from nitrate to metal. 


Cost in mills per kilowatt hour 
Ce 
Initial Chemical 
us Fuel processing 
Irradiation assay, element & uranium u23s Pu 
level, Mwd/ton K fabrication Transport conversion burnup credit Total 
2,000 ee 1.44 0.74 2.01 3.28 -1.32 12.15 
4,000 2.48 3.72 0.37 1.00 2.64 —1.14 6.59 
6,000 2.6 2.48 0.25 0.67 2.50 —1.08 4.82 
8,000 2.77 1.86 0.19 0.50 2.36 —1.01 3.90 
10,000 2.91 1.49 0.15 0.40 2.29 -0.94 3.39 
12,00' 3.05 1.24 0.12 0.33 2.23 —0.85 3.07 
14,000 3.20 1.06 0.11 0.29 2 


17 —0.77 2.86 


If the thermal efficiency were increased from 28% to 35%, all of the costs in the above table 
would be reduced by 20%, decreasing the total cost of electricity by from 2.4 to 0.6 mills per 
kilowatt hour. For a plutonium price of $30 instead of $12 per gram of metal ($28.50 instead 





* Based on a progress report on the Fuel Cycle Study Project at the Massachusetts Institute 
of Technology. 
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f $10.50 per gram of nitrate), the plutonium credits in the table would be multiplied by 2.7 


and the total cost of electricity would be decreased by from 2.3 to 1.3 mills per kilowatt hour. 


The use of zircaloy instead of stainless steel for cladding fuel elements provides greater 
neutron economy. This can be used to increase the ratio between plutonium formation and 
u*™’ burnup. It also permits the attainment of a given irradiation level with uranium fuel having 


a lower initial assay of U*", For the Yankee type reactor considered above, uranium-oxide 


fuel clad with zircaloy would have sufficient reactivity to reach 10,000 Mwd/ton if the initial 
U*’’ assay were approximately 2%, compared with 2.9% for fuel clad with stainless steel. The 
corresponding assay for 14,000 Mwd/ton is 2.25% for zircaloy cladding instead of 3.2% for 
stainless steel cladding. The result is to reduce the cost of us burnup by roughly 0.4 mills 
per kilowatt hour for irradiation levels in the range of 5,000 to 15,000 Mwd/ton. 


A disadvantage of zircaloy is the possibility of reaction with water in the event that fuel 
element jackets are accidentally melted. This possibility cannot be entirely eliminated on the 
basis of presently available information. Another disadvantage is that zircaloy costs more than 
stainless steel. The savings of 0.4 mills per kilowatt hour in the cost of u™ burnup obtained 
by using zirconium cladding would be just offset if the difference in fabrication cost between 
zirconium and stainless-steel clad fuel elements were $27 per kilogram of uranium at 10,000 
Mwd/ton or $40 per kilogram at 15,000 Mwd/ton. The corrosion resistance of both stainless 
steel and zircaloy are believed to be satisfactory from the standpoint of fuel-element integrity. 
There has been some evidence of radioactivity from the corrosion products of stainless-steel 
jackets. 
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INVENTORY CHARGES 


For nuclear power plants of the types now being planned and built, there will be a large in- 
vestment in fuel being irradiated and in the pipeline of materials in various stages of fabri- 
cation of fresh fuel elements and reprocessing of spent fuel elements. In addition, heavy water 
reactors may require an investment of up to perhaps $75 per kilowatt for their heavy water 
inventory. A carrying charge on the investment in these inventories must be included in the 
cost of nuclear power. This is frequently estimated by taking a fixed percentage of the value 
of the inventory. With increasing experience, the estimation of inventory charges will probably 
become more sophisticated, taking into account different charge rates applicable to the various 
components and actual time intervals between expenditures and revenues. 


FUEL-CYCLE INVENTORY 


The value of the fuel-cycle inventory depends on the design of the particular reactor, its 
mode of operation, and the procedure followed in evaluating the fuel elements as they pass 


through the cycle. However, the larger value of this inventory is indicated in the following 
table. 


Value of fuel-cycle inventory in 
dollars per electrical kilowatt 





Capacity us Initial value Average value 
Plant Mwi(e) assay of uranium of fuel elements 
Yankee type 
(pressurized water) 134* 2.9% 120 116 
Dresden type 
(boiling water) 180 1.8% 84 92 
U.K. type 
(gas cooled) 150 Normal 57 46 
* For the second core. 


In the above table, the initial value of the uranium inventory is based on the published United 
States schedule of charges. The average value of fuel elements is taken as one-half of the sum 
of the total value of the fresh fuel elements that could be made from the uranium in the in- 
ventory and their salvage vaiue after irradiation. The salvage value for fuel elements from 
the United States reactors takes account of the remaining uranium, credits the plutonium on 
the basis of its fuel value, and includes deductions for transportation, chemical reprocessing, 


and conversion charges. For the United Kingdom gas cooled reactor, the United Kingdom 
credit for spent fuel elements was used. 


The annual carrying charge on the inventory includes the cost of money, insurance, and 
taxes. If the value of the uranium in the fuel-cycle inventory is considered to be a nonde- 
preciating asset and if appropriate adjustments are made for taxes and insurance, the annual 
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fixed charge of 15% on plant investment can become about 12% on the inventory investment. 
Under AEC lease, the use charge for the value of the uranium in the inventory is 4% per annum. 
In evaluating the bids under the SENN project, an International Panel applied a rate of 7% per 
annum to the initial value of the whole fuel inventory. As extreme cases, to indicate the mag- 
nitude of the fuel-cycle inventory charge, consider rates of 4% and 12% per annum applied to 
the initial value of the uranium estimated for the Yankee-type reactor considered above. This 
results in charges of about 0.7 and 2.1 mills per kilowatt hour, respectively, on the basis of 

a plant factor of 80%. 


HEAVY-WATER INVENTORY 


The cost of the heavy water inventory is included in the plant investment. Considerations 
determining the inventory charges for heavy water are similar to those applicable to the fuel 
cycle, although the preparation, use, and recovery of heavy water is not as complex as for 
uranium. Some designs for heavy water reactors have indicated an inventory cost for heavy 
water, based upon the United States current price of $28 per pound, of about $45 to $75 per 
kilowatt. On this basis, the heavy water inventory charge would be about 0.25 to 0.43 mills 
per kilowatt hour if heavy water is leased at 4% per annum or 0.75 to 1.30 mills per kilowatt 
hour if an inventory charge of 12% per annum were to apply. 
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COST OF OPERATION AND MAINTENANCE 


GENERAL 


There is not yet much information on the cost of operation and maintenance of nuclear power 
plants under commercial conditions. The Shippingport station had the following expenses in this 
category during a three months’ period ending on Sept. 30, 1958. The plant factor during this 


period was 56.6 











Total 
Mills 
Reactor & stean Turbine- per 
generator generator Dollars kw-hr 
Operations 
Station labor $107,471 $ 65,081 $172,550 2.29 
Supplies, health, safety, etc 88,391 25,234 113,625 1.51 
Maint 
ginee g 7,621 6,973 14,594 0.19 
t ~ provements 4,006 3,988 7,994 0.11 
Re 1 S 
ting equipment 42,735 5,471 48,206 0.64 
Ge ar 
ec t 12,145 15,373 27,518 0.36 
Total for operations and 
maintenance 262,368 122,119 384,487 5.10 


Since the Shippingport reactor is the first of its kind and since the plant is being used for 
experimental purposes, these costs are not expected to be representative of commercial sta- 
tions. The costs in mills per kilowatt hour depend on the plant factor, which is usually as- 
sumed to be 70 or 80% for nuclear plants. A Euratom calculation used 2 mills per kilowatt 
hour as the cost of operation and maintenance for nuclear power plants of the pressurized- 
water type, compared with 1 mill per kilowatt hour for fossil-fuel plants. A du Pont study of 
heavy water reactors sets this cost at 2.0 mills per kilowatt hour for a 100-megawatt plant and 
1.2 mills for a 250-megawatt plant (not including losses of heavy water). Consolidated Edison 
has allowed 0.9 mills per kilowatt hour for operation and maintenance of the Indian Point plant, 
compared with 0.63 mills for the actual cost at a fairly new conventional steam plant, but has 


indicated that years of operation are required before there will be a sound basis for estimating 
such costs in the nuclear case. 


An industrial study group, consisting of American Gas and Electric Service Corporation, 
Bechtel Corporation, Commonwealth Edison Company, Pacific Gas and Electric Company, and 
Union Electric Company of Missouri, in 1955 made the following estimate of the cost of op- 
eration and maintenance for a completely independent nuclear power plant having a net elec- 
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il output of 180 megawatts. The total number of employees was taken as 136, consisting of 
69 supervisory and administrative, 29 operating, and 38 maintenance personnel. Included were 
four health physicists, two health-physics technicians, thirteen security police, a doctor, and 


irse 
Estimated annual cost 
Supervision and administration $ 397,050 
Operations 142,600 
Maintenance, labor 187,800 
17°% of above costs for payroll taxes, injuries and 
damages, pensions, employee welfare 124,000 
Maintenance materials 135,000 
Supplies and miscellaneous 54,000 
Total $1,040,450 
For a plant factor of 80°;, the cost of operation and maintenance in this case would be 0.83 
ls per kilowatt hour 


An Oak Ridge National Laboratory study of a slightly enriched, gas cooled reactor having a 
net electrical output of 225 megawatts included the following estimate of the cost of operation 


ind maintenance 


Estimated annual cost 


Wages, including supervision (100 men @ $6,000/yr $ 600,000 
Water, lubrication, helium, and supplies 400,000 
Maintenance 400.000 
Total $1,400,000 
For a plant factor of 80%, the cost of operation and maintenance in this case would be 0.89 mills 
per kilowatt hour 


The cost of operation and maintenance will depend on the type of nuclear power plant, the 
state of development incorporated in its design, and operating experience with the plant. Es- 
timates made in advance of acquiring such experience will continue to be uncertain. 


MODERATOR AND COOLANT MAKEUP 


The cost of moderator and coolant makeup is applicable to those reactors that incur losses 
f such materials having appreciable value. The losses may be economically significant for 
reactors cooled or moderated with heavy water or organic liquids. For reactors cooled with 
liquid metals or gases, the cost of coolant makeup is thought to be relatively small. 


Annual losses of heavy water in a pressurized reactor studied by the Carolinas-Virginia 
group were estimated at 1% of the heavy water inventory, resulting in a contribution to the 

ost of power of 0.08 mills per kilowatt hour. A Canadian study of a reactor having a capacity 
f 200 electrical megawatts assumed that the cost of heavy water replacement and upgrading 
was about 2% of the cost of the heavy water inventory and made a contribution of about 0.15 
mills per kilowatt hour to the cost of electricity. A study by the General Nuclear Engineering 
Corporation assumes an annual loss of 4% of the heavy water inventory and a cost of 0.3 mills 
per kilowatt hour. Du Pont studies indicate a contribution of heavy water losses to the cost of 
electricity equal to 0.7 mills per kilowatt hour for a plant having a capacity of 100 electrical 
megawatts and 0.4 mills per kilowatt hour for a plant having a capacity of 250 electrical mega- 
watts, although these costs varied with the design 
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Experience with the Organic Moderated Reactor Experiment in Idaho, which is cooled and 
moderated by an organic liquid, has shown a makeup rate of about 0.002 pounds of the organic 
material per thermal kilowatt hour. This makeup rate is equivalent to replacing the entire 
inventory of organic material twice each year. At a cost of $0.20 per pound of the material 
and a thermal efficiency of 30%, this would. amount to 1.3 mills per electrical kilowatt hour. 
However, the makeup cost for a large power reactor is expected not to exceed 0.7 mills per 
kilowatt hour 
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TOTAL COST OF NUCLEAR POWER 


Because of the many variables and uncertainties discussed in the preceding sections, no firm 
answers can be given at this time for the total cost of nuclear power. Summarized below is a 
range of expected costs of electricity from those nuclear plants being built or planned for early 
construction, utilizing a pressurized-water or a boiling-water reactor, and having a net ca- 
pacity of 150 electrical megawatts or more. (Although no organic cooled reactor of this size is 
presently under construction, it would probably give costs in the same range.) The annual fixed 
charge on plant investment is taken as 15.5%. The annual inventory charge is assumed to be 


40 of the value before irradiation of the enriched uranium in the reactor and the pipeline. 


Plant investment per net electrical kilowatt $300-— $400 
Plant factor 80%—70% 
Cost in mills per kilowatt hour 


Fixed charges on plant .5-—10.0 
Fuel-cycle costs .0-—5.0 
Inventory charge .5-1.0 
Operation and maintenance .0-—2.0 


Total 11.0-—18.0 


These expected costs for nuclear plants may be compared with current costs for conventional 
power plants. The journal, Electrical World, for Oct. 7, 1557, gave cost data for 44 modern 
steam stations in the United States; the 12 that had generating units in the range of 100 to 300 
electrical megawatts and annual fixed charges of 12.6 to 15.7% of the plant investment gave 
total costs of electricity of 5.5 to 8 mills per kilowatt hour. In the Euratom countries, costs of 
electricity from new fossil-fuel plants having a capacity of 150 electrical megawatts have been 
estimated to be between 9 and 11 mills per kilowatt hour. It is clear that the costs estimated 
above for nuclear plants are not yet competitive with costs for conventional plants either in the 
United States or generally in the Euratom countries. 


The largest single factor in the cost of electricity from these nuclear plants is the high fixed 
charges arising from the high capital investment. This effect may be somewhat reduced if the 
plants can operate above their design power levels. Where a utility system can justify the in- 
stallation of a nuclear plant having a design capacity considerably greater than 150 electrical 
megawatts, the fixed charges in mills per kilowatt hour should be significantly less than those 
given above. Technological improvements and standardization of design should also reduce 
capital costs of nuclear plants, but may not bring them down to the level of conventional plants. 


Among the fuel-cycle costs, a large item for reactors using enriched uranium is the cost of 
fabricating the fuel elements. This is a profitable area for research and development. In- 
creased experience may permit simplification of design and relaxation of tight specifications 
for fuel elements. As the nuclear industry grows, the effects of mass production should reduce 
a number of the fuel-cycle costs. Some of these improvements will undoubtedly be incorporated 
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in existing reactors, so that the average fuel-cycle costs over the life of the plant may be 
considerably less than the initial costs. The inventory charge for enriched uranium, the costs 
of U2 burnup, heavy water, chemical reprocessing and conversion, and the credit for pluto- 
nium are all determined domestically by the AEC at present. 
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Appenpix 4 
THE SHIPPINGPORT PROJECT 
Report By Ap Hoc ApvisoRY COMMITTEE To EVALUATE THE SHIPPINGPORT PROJECT 
(U.S. Atomic Energy Commission, February 15, 1960) 


Members of the Ad Hoc Advisory Committee To Evaluate the Shippingport 
Project 


William S. Peterson, general manager and chief engineer, department of water 
and power, the city of Los Angeles. 

Henry D. Smyth, chairman of the university research board, Princeton 
University. 

Eugene P. Wigner, professor of mathematical physics, Princeton University. 

Robert BEB. Wilson, retired chairman of the board, Standard Oil Company of 
Indiana. 

Philip Sporn (Vice Chairman of the Committee), president, American Blectric 
Power Co. 

Alfonso Tammaro (Chairman of the Committee), Assistant General Manager 
for Research and Industrial Development, U.S. Atomic Energy Commission. 
The meetings held by the Committee, sources of basic data utilized, and con- 

sultations with Government officials and others in pursuance of the Committee’s 

work are described in detail in appendix A. 


I. SUMMARY 


1. At its first meeting the Committee concluded that the original terms of 
reference could not be fully complied with in the time available. It, therefore, 
agreed on certain limitations of these terms as set forth in the section imme- 
diately following this summary. 

2. The Committee was unable to undertake evaluation of the Shippingport 
program for more than the immediate future (i.e. the next 5 years or so). A 
detailed, longer term study is, however, important and the Committee recom- 
mends that one should be made. 

3. The PWR-2 program under which core-2 will be installed represents 
significant improvements and advances as compared with PWR core-1 and 
should yield results of substantial value to the national civilian 10-year power 
program. 

4. We have been assured that planning and developmental work on core—2 
with a rating of 150 megawatts has already proceeded so far as to render moot 
the auestion of undertaking core-2 with a somewhat lower rating. We feel 
bound to say, however, that the review that the Committee was able to make 
did not convince them that the increased costs were warranted by the technical 
advantages of a rating above the 100 megawatts for which generating equip- 
ment is already installed. 

5. Given the increased rating of the core to 150 megawatts equivalent—the 
question of disposing of the excess steam that will be generated as a result 
is still undecided. Since as much relevant information can be secured at far 
lower costs by installing a heat sink rather than additional electrical generating 
and transmission facilities, the Committee urges such a course. 

6. In addition to the impressive results of Shippingport to date and the equally 
impressive plans for the next few years, there is certain other research and de- 
velopmental work which deserves emphasis both in continued oneration of core-1 
and in later operation of core-2—again in the near future. This work includes 
such items as exploring possibilities of operating core-1 at values above 60 mega- 
watts on a carefully planned basis; and the introduction of plutonium into PWR 
atas early a date as possible. 

7. While detailed evaluation of Shipping port costs to date is not attempted, 
data on them as made available to the Committee indicate that cost estimates 
for the immediate future are in line with what should be expected of a project 
of the pioneering nature and proportions of Shippingport. 
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8. The Committee has also observed differences of approach and philosophy 
between the Shippingport Project and the rest of the AEC reactor program. We 
believe that the Shippingport project and the entire civilian power program 
would be more effective if all were coordinated under the national civilian 10-year 
power program as fixed by AEC policy. 


II. TERMS OF REFERENCE FOR EXECUTION OF ASSIGNMENT 


In the letter of the Commission dated January 13, 1960, setting up the Ad Hoe 
Advisory Committee To Evaluate the Shippingport Project, the terms of refer- 
ence are stated as follows: 

“Tt shall be the purpose of the special Ad Hoe Advisory Committee To 
Evaluate the Shippingport Project to— 

“(a) Review a report being prepared by the Division of Reactor De- 
velopment containing an analysis of present and future operation of the 
Shippingport reactor project and associated costs; and 

“(b) Advise the Commission as to their views and recommendations 
on the objectives of the Shippingport project, its contribution to central 
station nuclear powerplants, and the associated project costs. 

“In keeping with the requirements of the Code of Federal Regulations 
(sec. 7.4 of 10 C.F.R., pt. 7), which sets forth regulations under which ad- 
visory boards to the Commission shall operate, Mr. A. Tammaro, Assistant 
General Manager for Research and Industrial Development, has been ap- 
pointed as Chairman of the Committee.” 

At the first meeting of the Committee in Washington on January 22, 1960, the 
terms of reference were reviewed by the Chairman of the Commitee, Mr. A Tam- 
maro. Mr. Tammaro noted that item (a) of the terms of reference referred to a 
report being prepared by the Division of Reactor Development and, amplifying 
that item, Mr. Tammaro said that it was originally intended that this report con- 
tain conclusions and recommendations of the staff which the Committee would be 
expected to review. He went on to say, however, that based on past experience 
it seemed more appropriate now that the Committee prepare its own report with 
its own recommendations. This modification in terms of reference the Commit- 
tee accepted. 

The Committee also discussed that part of item (a) referring to the future 
operation of the Shippingport reactor project and associated costs of item (b) 
proposing that the Commission be furnished the views and recommendations 
of the Committee on the objectives of the Shippingport project, its contribution 
to central station nuclear powerplants, and the associated project costs. The 
Committee came to the conclusion that within the time allotted to it by the 
Commission it would be beyond its competence to submit recommendations on 
the long-term role of the Shippingport project. Such long-term problems, they 
felt, would require an independent study that might take several months and 
would require a consultant staff. The Committee therefore decided, with the 
agreement of its chairman, that it would have to limit itself to the immediate 
future (roughly the next five years) plans of Shippingport, both PWR-1 and 
PWR-2. As part of this work the Committee agreed that it could make a 
brief review of the contributions of Shippingport to date to central station 
nuclear powerplant development, and the contributions that the proposed fur- 
ther work in the immediate future will make toward that end. 

The Committee is also in agreement that it may be highly desirable and ex- 
tremely helpful to explore in full the terms of reference as set up in the Com- 
mission’s letter of January 13, 1960, but urges that ample time and funds be 
made available to a proper group set up for that purpose. 


III, BRIEF SUMMARY OF PAST CONTRIBUTIONS 


For basic information concerning the Shippingport project, the Committee has 
relied primarily on the AKC report entitled “Review of the Pressurized Water 
Reactor (PWR) Program, January 14, 1960, prepared by: Shippingport Evalua- 
tion Team Division of Reactor Development.” The report was supplied to the 
Committee at its first meeting on January 22, 1960. However, the Committee 
also consulted other reports and memoranda including the book ‘The Shipping- 
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port Pressurized Water Reactor” prepared for the U.S. Atomic Energy Com- 
mission. Other information used is referred to in appendix A. 

The Shippingport pressurized water reactor project first went critical on 
December 1, 1957, began supplying electricity to the Duquesne Light Co. system 
on December 18, 1957, and on December 23, 1957, the plant turned out 60,000 kilo- 
watts net, operating on three of its steam generating loops. In the 2 years 
since the end of 1957 many tests have been made to evaluate the design and 
performance of the parts of the plant and the plant as a whole. The project 
had, as of the middle of January 1960, operated a total of about 5,800 equiva- 
lent full power hours and had generated a total of 388,500,000 kilowatt-hours 
gross of electric energy. The plant, one of those outstanding characteristics 
is that its core is of the seed and blanket type, is at present shutdown, being in 
the process of having its first seed replaced. 

Shippingport is the first U.S. nuclear plant in power supply service. From 
the start, however, the main purpose of the Shippingport project, including the 
associated research and development work at Bettis, has been to advance the 
technology of pressurized water reactors and in some respects of all light- 
water moderated and cooled reactor technology, as such its contributions 
have over the past 3 years been extensive and indeed impressive. 

Without attempting to go into detail, it is worthwhile to catalogue some of 
the major contributions of Shippingport: in fuels, the advancement of UO, 
and pellet technology; in physics and fuel economics, the development of the 
see l and blanket concept; in materials, the development of zirconium alloys 
Other significant contributions are: in large reactor core design, the develop 
ment of data on heat transfer both within the fuel elements and from them tr 
water; in mathematical analysis, the development of an extensive coding pro 
gram involving many aspects of nuclear calculations; in components, the de- 
velopment and the bringing to successful conclusion of a program for the design 
and construction of large canned motor pumps. All of these constitute in totality 
an impressive list of research and developmental results and contributions to 
the pressurized water and the general civilian atomic power program. It is 
true that not all of these ideas originated with the Shippingport project, but 
all of them eventually found employment in PWR-1 where they were carried 
further than was elsewhere the case. 

The achievements of Shippingport and its contributions as a prototype plant 
are in perhaps a different category. In many cases the contributions arose 
principally from the fact that Shippingport was the first large civilian power 
reactor. It therefore had the advantages and disadvantages associated with 
that circumstance. The project developed initial contact with manufacturers 
and fabricators. It worked out initial problems of safety of equipment with 
safety code agencies and health authorities. It also worked out health safety 
problems with such agencies. It developed design and specification standards 
on welds, valves, and other similar components. It worked out details in con- 
nection with the handling of radioactive wastes and their decontamination or 
general cleaning up when that was possible. 

Shippingport was also the first reactor plant to become part of an integrated 
system of power supply. No difficulties were experienced in this integrated 
operation: the reactor plant was found well suited and responsive to the needs 
of a component of energy supply in a power system for either peak or base 
load operations. 

PWR having now had the benefit of 2 years’ operation as a prototype and 
as a core test facility has by no means exhausted its potentialities as an ex- 
perimental and developmental tool especially in view of its high degree of 
instrumentation. Some of its greatest usefulness may still be ahead of it. 


IV. IMMEDIATE FUTURE PLANS FOR SHIPPINGPORT 


During the past year work has been proceeding on the design of the second 
Shippingport core (PWR-2). Depending upon whether two or three seeds are 
used for the first core, the second core is planned to be in operation either in 
April 1962 or in August 1963. The principal objective of the PWR-2 program 
is the development of a higher performance core in terms of both power density 
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and lifetime. Some of the figures showing significant advances and improve- 
ments of PWR-2 as planned over PWR-1 are as follows: 


PWR-l PW R-2 

Power 68 mwe 150 mwe 

Life (based on 1 blanket and 2 seeds 12,500 hours 20,000 hours. 

Energy 0.85X10® kilowatt-hour (at | 3X10*% kilowatt-hour. 
the end of 1961). 

Power density Seed 75 kilowatt/liter, blan- | Seed 130 kilowatt/liter, blan- 
ket 25 kilowatt/liter | ket 40 kilowatt/liter 

Weight of natural uranium 14 tons... | 19 tons 

Weight of enriched U5 per seed 75 kilograms 290 kilograms 

Total cost of fabrication (1 blanket and 2 | $16.1 million | $17 million. 

seeds 
Total cost of natural uranium and U3 $3.1 million_._. $10 million. 
Fue! cost in mills per kilowatt-hour 19 6.6. 


In addition to those tabulated many other improvements are contemplated 
for PWR-2. In order to get higher density and keep temperatures within 
proper limits a new type of fuel element is planned for the blanket consisting 
of compartmented flat plates containing UO. using Zircaloy—-4 as cladding. 
There will be other significant modifications such as a change in geometry of 
the seed, increased size but reduced number of control rods, increased length 
of core from 6 to 8 feet, a closure head of new design which will incorporate a 
single refueling port, addition of a support or intermediate flange to the pres- 
sure vessel (a so-called Dutchman), which permits side exit of instrument leads 
instead of through the top as at present and which will materially reduce the 
time required for assembly or disassembly of the core, and a modification of 
the cooling flow pattern to include two passes through the blanket. 

This core is planned to have a power capacity which could generate 150 
mwe. In order to make it possible to bring about this increase in capacity as a 
result of a changed core $5 million will have to be expended in primary plant 
modifications. In addition, if steam-electric generation facilities were to be 
provided over and above the presently installed 100 mwe., we are informed that 
an additional expenditure of $15 million in plant and $5 million in transmission 
facilities would be required. A much less expensive alternative is the installa- 
tion of a heat sink to dissipate the additional heat generated, at an estimated 
cost of $4 million. 

We have been assured that engineering work on core—2 at the 150-mw. rating, 
which has been going on steadily during the past year, has already reached 
such an advanced stage as to render moot the question whether an output 
lower than 150 mw. might have been preferable. A 6-foot core with a rating 
of 100 mw. would be less expensive than an 8-foot core with a 150-mw. rating. 
From the review we have been able to make, we have not been convinced that a 
6-foot core at 100 mw. would not achieve the essential objectives of the project. 
Since this is the unanimous judgment of the Committee, we feel it ought to be 
reported. 

Accepting the conclusion that at the present time the developmental and 
design work on core—2 at 150 mw. is so far along that no other course than the 
continuance of the work on the basis of 150 mw. equivalent output with an 8-foot 
length of core ought to be considered, there remains one major question. If 
the maximum in the way of information is to be obtained it would be necessary 
to produce the equivalent of 150 mw.—but without necessarily converting it into 
electrical energy. 

The major question still open is the conversion of the steam produced by 
the core into electrical energy. The facilities presently available for steam- 
electric generation and absorption within the transmission facilities of Duquesne 
are adequate for a full 100 mw., and at times possibly up to 106 mw. The 
information sought and which can be obtained from the 150-mw. reactor is 
virtually independent of how the steam produced by the reactor is disposed of. 
Duquesne Light Co. has estimated that “heat sink” facilities for that purpose 
can be provided by an investment of no more than $4 million, thus saving a total 
of around $16 million represented by the cost of additional steam-electric gen- 
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erating facilities and additional transmission facilities, even after allowing 
for the value of the additional electricity obtained. 

The Committee has disclosed this problem with the staff of Bettis Field, with 
the Duquesne Light Co., and with Admiral Rickover. It has also very care- 
fully considered the judgment of the Shippingport evaluation team of the Di- 
vision of Reactor Development of the AEC as expressed in its report of January 
14, 1960, referred to above. The judgment of the evaluation team that “Use of a 
heat sink for power dissipation meets all of the requirements for proving out 
the higher power capabilities and thus the developmental objectives of PWR -2” 
(report, p. 43) is one that the Committee strongly agrees with. 

The Committee is not unmindful that if steam energy created by PWR-2 is 
thus dissipated to the atmosphere by the heat sink, the operation would have the 
appearance of a wasteful use of a natural resource, i.e., atomic fuel. We must 
emphasize, however, that it cannot in fact be regarded as wasteful to dissipate 
energy in this way when no economical means exist to use it and where the 
production of the steam is the necessary result of a desirable research and de- 
velopment project. Shippingport has already served its purpose as a demon- 
stration nuclear electric powerplant; insofar as any further purpose might be 
served by Shippingport operating as a demonstration plant generating electric 
power at a rating of 150 megawatt this purpose will have been performed by 
the time Shippingport generation could come into being by at least two other 
plants which could be considered as the sons or daughters of Shippingport and 
which will be operating at that time at or above 150-megawatt rating. 

Taking, therefore. the situation overall, the Committee has concluded that the 
optimum program in the overall research and developmental project of developing 
Shippingport (PWR-2) to 150-megawatt rating is to omit the unnecessary ex- 
penditures which would inevitably be involved in adding the additional electrical 
capacity, but rather to utilize the less costly heat sink approach. 


Other recommendations 


The Committee is of the opinion that among the many clearly indicated objec- 
tives of PWR--2 and core 2, including larger power, longer life, higher power 
density, experience with the wafer compartmented type plate UO, element, ex- 
perience with the longer plate type element, all of which should yield to effective 
exploitation in the civilian power program, there remain a number of other 
items that deserve emphasis in any efforts to optimize the usefulness of PWR-1 
and PWR-2. Among these are the following: 

(a) When the reactor is reactivated with seed—2, but with the present blanket 
intact except for fuel elements renewed for test purposes, it is contemplated to 
bring its capacity up again to 60 mwe. The Committee has persistently ex- 
plored the question of going beyond and gradually raising the level of power— 
still with core-1—to values above 60 megawatt on a carefully planned explera 
tory basis. The Committee takes note of the highly desirable aim to explore 
core-1 through seed—2 and possibly seed—3 from the standpoint of longer core 
life. But there is coming in, after all, increasing information on core life from 
other power reactors. Provided the attempt to raise core—-1 rating above 60 
megawatt is done with great care the Committee believes it ought to be tried— 
certainly by the time seed—3 is reached. Such action offers the possibility of find- 
ing greater limits for rating of existing designs. 

(b) The distinguishing characteristic of PWR is the fact that it is the only 
seed and blanket concept that has been implemented in the U.S. civilian water 
reactor program so far. It would appear highly desirable that this be fully de- 
veloped and that core—1 blanket life should be extended as far as possible. We 
do net believe, however, that this is incompatible with the tests recommended in 
(a) above. 

(c) From our discussions with the staff of the Assistant Director for Naval 
Reactors, Division of Reactor Development, and with the Bettis staff we under- 
stand that, in order to test fully the lifetime of the fuel elements in the blanket, 
a third seed will be employed in core-1 if possible. Furthermore, since the seed 
and blanket concept also carries with it the highly favorable concomitant of 
the potential maximizing of the use of plutonium, it would appear that plutonium 
ought to be introduced into PR at as early a date as possible, and some 
plutonium ought to be introduced into seed-3, core-1. 


52950 O—60——_41 
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(d) In view of the promise of the seed and blanket concept it is the judgment 
of the Committee that the economic advantages of this concept from the stand- 
point of fuel should be thoroughly explored by analytical and computer methods, 
and this should be undertaken at the earliest feasible date. Representatives 
of the Naval Reactors Group recommend using nuclear fuel in a form that in- 
volves the minimum utilization of fossil fuel for its preparation. On the other 
hand, the expenditure of energy to refine fuel, whether it be coal, oil, or uranium, 
has often proved economically sound and is not inconsistent with the demands 
of conservation. The relative merits of these two views can be illuminated by 
the suggested analytical studies. 

(e) Finally, one of the methods that the Committee strongly urges to make 
the Shippingport project more useful to the overall civilian power program is 
greater attempt to make information developed by the project available as 
expeditiously as possible. 


Vv. BRIEF EXAMINATION OF PAST AND FUTURE COSTS 


In order to get a view of Shippingport in proper perspective it is desirable to 
take a brief look at the costs to date. This is not done with a view of evaluating 
costs in terms of contributions to date and weighing one against the other. 
As already pointed out, this would involve a much more detailed analysis than 
it was possible for this Committee to make within the time limits prescribed 
for it. But in considering immediate future it is illuminating to view what 
has happened to date. 

As of October 31, 1959, the following represents a condensed table of costs 
covering the period 1954-59: 


Millions 

Construction cost (includes $12.7 million for 1st blanket and seed)______ $75.2 
Be cis oases olsen a Rtas pr os ns et oo ec eg ema aad aie 80. 6 
Fuel fabrication (seed-2 and core-2; excludes fabrication of Ist core)__.. 4.0 
eG (OROTRTIONS 2s so ee ee Soa oa bok ae ees 3.0 
OD in eta ta Set SR  l pt cceee ee Bat a ee ee ae 162. 8 
Revere (frunt Fragueeind 66F seeNh a5 bs ees ence 2.8 
Net cost (exeindes nuclear materiel). 2. os cn cece ecuue 160. 0 


The tabulation includes the total costs of $20.2 million spent by Duquesne for 
the turbine generator plant, including transmission facilities, and the $5 million 
Duquesne participation in the cost of AEC’s nuclear plant. 

Currently costs incurred for Shippingport are at the rate of approximately 
$18 million per year. The total presently estimated cost to be incurred in fiscal 
years 1960-65 is given in the following table: 





Millions 
I apis iansiih = cect oni stag ots te aia sdbece gaiepamaaiae alata al amenable aati $40. 4-$43. 4 
aN NN ib asses tact erecta nines ck ssa es Aah is sce amides cates ade ace 21. 5— 21.5 
Os ce nce es acne neni ides tara eean ee eins ciara eee aes 10.4 11.9 
SUID ovina s Paseebecicta cs siesta hed: oe Sane ka ean cake cee aa 72.3— 76.8 
Revente.{from Doaqneane for steam) 00 on nok cect nemcce 9.7- 9.7 
SN ice ii al ncccercsistn ea atch alias Keckaw cia eiehces ee aaen ae aaa tent ak 62. 6— 67.1 
Nuclear plant modifications for 150 mw______-_-.________________ 5.0- 5.0 
Sa UC RN nae ee ee a 4.0- 4.0 
TO ov ncinistx tate, cece aks cadiigmi stad: plaice a A ta i a. 71. 6 76.1 


This is an average of close to $12.5 million a year for each of the 6 years 
1960-65. As the tabulation shows it is based on using a heat sink: it does not 
take into account any additional generator and transmission facilities. 

The continuing operation of Shippingport ; Operation of PWR-1; the problem 
of the installation, operation, and the significance of PWR-2; and the expendi- 
tures that the latter will involve, are tied up with the question of what has 
already been spent and what additional expenditures will be involved to make 
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the most effective use of PWR-1 and PWR-2. From that standpoint the pro- 
gram contemplated by PWR-2 and the operating program projected for perhaps 
the next 5 years seems to be roughly in line with prospective benefits. It is 
when one reaches out beyond that period that a more thorough study and eval- 
uation are called for particularly if complete coordination between the work 
carried at Shippingport and the rest of the work looking toward the implementa- 
tion of the national civilian nuclear power program established as Commission 
policy is to be obtained. 


VI. GENERAL OBSERVATIONS 


The Committee having examined the work and the experience gathered at 
Shippingport is impressed with the significant contributions that Shippingport 
has made and will further make toward the objectives of the national civilian 
nuclear power program. At the same time the Committee was impressed by the 
necessary differences of approach in design of equipment and plant for civilian 
power, on the one hand, and for naval requirements, on the other hand. For 
this and other reasons it is the judgment of the Committee that there is room 
for closer integration and coordination of the Shippingport program with the 
overall program of the Commission and specifically with the much more clearly 
stated objectives of the national civilian nuclear power program which have the 
status of established Commission policy. 

Respectfully submitted. 

W. S. PETERSON. 

H. D. SMYTH. 

E. P. WIGNER. 

R. BE. WILson. 

P. Sporn, Vice Chairman. 

A. TAMMARO, Chairman. 
APPENDIX A 


The Committee held a series of six meetings as follows. 

First meeting : January 22, 1960, Washington, D.C. 

Second meeting : January 23, 1960, Washington, D.C. 

Third meeting: (9 a.m.) January 29, 1960, Bettis Laboratory, Pittsburgh, Pa. 

Fourth meeting: (8 p.m.) January 29, 1960, Duquesne Club, Pittsburgh, Pa. 

Fifth meeting: January 30, 1960, Shippingport, Pa. 

Sixth meeting: February 6, 1960, New York, N.Y. 

In the course of these meetings the Committee had the benefit of consulation 
with numerous Government officials and others concerned with Shippingport. 
The Committee also had the benefit of its field examination of the facilities and 
work at Shippingport and Bettis. We wish especially to acknowledge the as- 
sistance of Admiral Rickover,.Mr. Mandil, Dr. Radkowsky, and other members 
of the Naval Reactors Group: Mr. Cresap, Mr. Simpson, Dr. Shoupp, and 
others of Westinghouse Electric Corp.; Mr. Weaver, Mr. Ross, Mr. Hamilton, 
Dr. Lustman, Mr. Bayard, and others associated with the Bettis Labortory staff; 
Mr. Fleger, Mr. Gray, and others of Duquesne Light Co.; Mr. Webster and Mr. 
Coe of the Yankee Atomic Project ; and, of course, Dr. Pittman, Mr. Staebler, and 
Mr. Voigt of the AEC Reactors Division ; and Mr. Ewing of the Secretariat office. 

Other important sources of information were— 

AEC report “Review of the Pressurized Water Reactor (PWR) Program” 
prepared by: Shippingport Evaluation Team, Division of Reactor Devel- 
opment, January 14, 1960. 

Report “Shippingport PWR Project” prepared by Naval Reactors Branch 
of Division of Reactor Development, January 1960. 

The book “‘Shippingport Pressurized Water Reactor” presented at the Sec- 
ond International Conference on the Peaceful Uses of Atomic Energy, 
yeneva 1958. 

Report “Civilian Nuclear Power” prepared by the Ad Hoc Advisory Com- 
mittee on Reactor Policies and Programs, January 2, 1959. 

Report of Duquesne Light Co. on Expansion of Shippingport, dated July 
31, 1959. 
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EXCERPTS FROM REVIEW OF THE PRESSURIZED WATER REACTOR 
(PWR) PROGRAM, JANUARY 14, 1960 


AEC SHIpPINGPORT EVALUATION TEAM, ESTABLISHED BY THE DIRECTOR, DIVISION 
OF REACTOR DEVELOPMENT 


U. M. Sraesier, Chairman. I. H. MANDIL. 
W. C. BARTELS. HaArRoutp BE. VANN. 
D. L. CouCHMAN. W. R. Vorenr. 
EpwWaAkp J. KIRKHAM. M. J. WHITMAN. 


I. SUMMARY 


This report is a technical review of the pressurized water reactor (PWR) 
program. It reviews the technological accomplishments which have resulted 
to date from this program, the technical advances which are expected to be 
achieved in the next 3 to 5 years, the economic promise of these developments, 
the costs associated with the program, and the technological relationship of 
this project to the overall civilian power reactor program. 

The PWR project was authorized in July 1953, and construction started at 
Shippingport in March 1955. The plant achieved initial criticality on Decem- 
ber 2, 1957, and was operating at full power 3 weeks later. The plant has now 
been in operation for approximately 2 years, during which time many tests 
have been made to evaluate its design and its performance. The plant is at 
present in the process of having its first seed replaced; so far, the plant has 
operated a total of about 5,800 equivalent full power hours and has generated 
a total of 388,500,000 kilowatt-hours gross of electricity. 

The PWR project from the outset has been directed toward advancing the 
basic technology of indirect cycle water reactors through the design, develop- 
ment, building, testing, and operation of a large power reactor suitable for 
central station operation. Design objegtives included such things as long core 
life, reliable fuel elements, significant amounts of power from natural uranium, 
extensive core and plant instrumentation, permissible operation of the plant 
with failed elements, means of readily detecting failed fuel elements and the 
ready removal of such elements through the pressure vessel head. These ob- 
jectives were established early in the project and appear to have been success- 
fully accomplished based upon experience to date. At all times, safety of the 
reactor plant has been an overriding consideration. 

The PWR Project has been and is continuing to be an important tool for 
making significant advances in the technology of pressurized water reactors. 

The philosophy of planning and direction of the PWR project may be char- 
acterized as one emphasizing depth of technology development, safety and 
reliability in plant operation, and strong Government controls in line with 
yovernment responsibility for the timely completion and successful operation 
of the plant. The mission of the project continues to be one of developing and 
testing new technology which should lead to lower costs rather than exploiting 
the economic potential of any demonstrated technology. 

As a complete powerplant, the PWR has demonstrated that it can be easily 
integrated into a large utility’s electrical power system. The reactor has 
demonstrated its ability to produce its rated steady power and to respond to 
load transients with complete safety and without appreciable operating prob- 
lems. The operating personnel consider that the plant is suitable for operation 
as a base load station or a peak load station or as combination of both, and 
that its flexibility is superior to that of a coal-fired plant. 

The contributions resulting from the design, development, construction, and 
operation of the Shippingport plant and its first core, can be divided into four 
main areas. These are in the fields of reactor physics, fuel technology, reactor 
design, and powerplant engineering. 

The seed and blanket qoncept has demonstrated (a) that it is feasible in the 
light water system to obtain large amounts of power from a blanket of natural 
uranium by using a seed, which is a small highly enriched core, as the driving 
element; (6) that the inventory of enriched fuel required can be greatly re- 
duced; (c) that it is possible to control the entire reactor core by using only a 
few control rods which are located in the relatively small seed volume; and 
(d) that a seed and blanket core possesses a favorable dynamic response and 
large negative temperature coefficient. 
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In the field of fuel technology, the PWR project has been largely responsible 
for the development of uranium oxide (UO;) as a fuel material for large power 
reactors. In view of its widespread application, this has been and is continuing 
to be a major contribution in the field of reactor fuel materials. Extensive test- 
ing, both in pile and out of pile, was performed to permit the use of bulk UO: in 
rod geometry. Through continuing in-pile tests and the operation of the PWR 
core-1, the limitations that may exist in the use of this fuel material will be 
determined. There are a large number of variables involved, such as fuel tem- 
peratures, heat fluxes, fuel element shapes, and fuel-to-clad clearance, which 
ean vitally affect the behavior of this material under irradiation. In PWR-1, 
the UO, is in pellett form and is contained in zirconium alloy (zircaloy 2) rods. 

Important accomplishments in the area of reactor design included (a) the 
determination of heat transfer and pressure drop correlations for both rod and 
plate type fuel elements in high temperature and high pressure water under 
numerous conditions, (b) the development and incorporation of the in-core 
instrumentation to determine the thermal and hydraulic performance of the core 
throughout life, and to detect and locate any failed UO, fuel elements, (c) the 
development of a mechanical core arrangement such that any failed element or 
malfunctioning control rod could be replaced without removing the large pressure 
vessel head, and (d) the design of a pressure vessel and head which were the 
largest built at the time for application in high pressure and temperature water. 

The PWR project has been instrumental in establishing suppliers for the manu- 
facture of primary coolant components of a size, capacity, and complexity much 
greater than was available at the time the project was initiated. As a result 
of this pioneering work, industrial suppliers are now available and have actually 
supplied primary nuclear components for water-cooled reactors of sizes and 
capacity still greater than those that were built for the Shippingport reactor 
plant. 

A planned program of performance testing has been followed as part of plant 
operation. This test program has produced substantial data which can be used 
in future designs of other nuclear powerplants. Verification of reactor physics 
calculational models and heat transfer and hydraulic calculations, demonstra- 
tion of plant stability, demonstration of the response to load changes, component 
reliability, long-term effects such as corrosion buildup and radiation level build- 
up—all have been measured at Shippingport. In addition to technical data 
acquired, experience has been gained in developing the technical organization 
required by an operating utility to handle maintenance, repair, and refueling 
operations. 

Much needed information on the long-term behavior of major plant components 
will be obtained from the continued operation of the Shippingport plant; thus, 
a more realistic basis for judging the adequacy of, or need for, some of the 
design specifications will be provided. Such additional operating experience will 
pilot long-term performance to be expected from similar components in plants 
now under construction or in early stages of operation. 

The replacement seed which is now being installed in PWR-1 aims toward 
extending core life, including demonstration of the use of burnable poisons. 

Work is proceeding toward a second Shippingport core (PWR-2). Depending 
upon whether two or three seeds are used with the first core, the second core 
would be in operation in April 1962 or August 1963. 

The principal objective of the PWR-2 program is the development of a very 
high performance core in terms of both power density and lifetime. PWR-2 
will have about 544 times the design energy output and about 3 times the 
energy output presently estimated achievable in PWR-1. The power density 
of PWR-2 is expected to be about twice that achieved with PWR-1. Such per- 
formance should lead to réductions in both fuel cycle costs and capital costs. 

Fuel planned for PWR-2 consists of compartmented flat plates containing UO, 
wafers using Zircaloy-4 as cladding. The fuel elements also will incorporate 
Self-shielded burnable poison and zones of different uranium concentration to 
reduce power peaking. PWR-2 is more than just a change in fuel shape and 
composition. It includes other significant plant modifications, such as change 
in geometry of seed, increased size but reduced number of control rods, in- 
creased length of core from 6 fo 8 feet, a closure head of new design which 
incorporates a single refueling port, addition of a support flange to the pressure 
vessel which permits side exit of instrument leads, and modification of coolant 
flow pattern to include two passes through the blanket. Major development 
efforts are planned on reactor physics, computer codes, thermal design, and 
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mechanical design (including core instrumentation) to meet the reactivity life- 
time, power distribution, and heat transfer objectives of PWR-2. 

PWR-2 is planned to have a power capacity which could generate 150 mwe. 
A core of this power rating will provide information which is more directly 
applicable to large central station nuclear plants. The basis for this choice 
of power rating is described in section IV of this report. 

The work planned for continuation of the PWR project represents a develop- 
ment program for water moderated and cooled power reactors using the Ship- 
pingport reactor as the ultimate test facility. It is not possible to explore in 
a single reactor all of the design variations or process improvements which 
have promise of leading to economically competitive nuclear power. The water 
reactor development program planned around the Shippingport reactor is 
oriented, in particular, toward seed and blanket cores of flat plate geometry 
with no net steam generation out of the reactor core but some bulk boiling in 
hottest channels. The work planned is largely complementary to other work 
being carried out toward the objective of reducing the cost of power from water 
moderated and cooled reactor systems. Past experience has indicated that 
information developed in the program will be promptly and effectively reported 
by means of periodic and topical reports and special technical interim reports. 

Construction costs on the Shippingport project, including the cost of the first 
seed and blanket core, total $75 million. Other expenditures through October 
1959 include $81 million in research and development, $4 million in fuel fabrica- 
tion (seed—2, spare subassemblies, and start of PWR core—-2) and $3 million in 
test operations. This total of $163 million includes approximately $139 million 
of Commission funds. Plant operation, fuel fabrication, and associated research 
and development carried out under the project is expected to cost the Com- 
mission approximately $18.5 million in the current fiscal year (fiscal year 1960). 
While it is very difficult to estimate future costs, a figure of the order of $55 
to $60 million appears to be required for continued research and development, 
fuel fabrication, and test operations to cover continuation of the program 
through fiscal year 1965. This period would include of the order of 1% to 3 
years of operation with the second core depending upon whether or not a third 
seed is used with the first core. It is estimated that plant modifications to 
accommodate the second core, as now planned, would require additional amounts 
of approximately $5 million for the reactor portion (authorized in fiscal year 
1960) and $4 million for additional heat removal capacity in the form of a heat 
sink or $16.4 million if additional turbogenerator capacity is added. 

The technical advances expected from the PWR development program should 
make it possible to achieve fuel cycle costs that are consistent with the Com- 
mission’s stated objective of obtaining competitive nuclear power in high cost 
areas (35 cents per 10° B.t.u.) by 1968. The above statement is based on cur- 
rent Commission practices and assumptions used in calculating fuel cycle cost and 
in the expectation of reduced fabrication cost, for cores of the type planned 
for PWR-2. 

Contributions of the PWR project are not limited to contributions of technology. 
Experience with the cooperative arrangement between the Government and the 
Duquesne Light Co. is of interest and value in planning other cooperative projects. 
Flexibility for the Government to redirect program efforts of the technical devel- 
opment support group and of the plant operator, without contract renegotiation, 
has contributed to expediting progress in directions chosen. 


- * * * * + * 


IV. FUTURE PLANS FOR THE SHIPPINGPORT PWR PROGRAM 


The future plans and objectives connected with the Shippingport Atomic Power 
Station project can be divided into two main parts. Those connected with the 


continued operation of PWR core—1 with replacement seeds and those connected 
with PWR core—2. 


1. Future plans and objectives connected with PWR core-—1 


The Shippingport reactor is at present in the process of having its first seed 
replaced. Advantage is being taken of this refueling period to inspect and test 
parts of the core, including some of the blanket UO, fuel elements, zirconium 
structures, and hafnium control rods. The blanket of the core will be left in place 
with the exception of those fuel elements which are removed for test purposes. 
The average burnup of this blanket is at present 1990 MWD/T of UO:, which is 
the highest value achieved to date on a large amount of UO, in any operating 
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power reactor. It is still a long way, however, from the 10,000 MWD/T, or more, 
average burnup being assumed in the design and economic calculations of many 
civilian water-cooled power reactors. During plant operation, blanket exposure 
increases at a rate of 3,000 MD per ton for each year of continuous full power 
operation. Because of the importance of determining the life potential of the 
UO. rod-type elements, it is planned that a third seed will be installed after the 
depletion of the second seed in the PWR core-1; provided, however, that tests 
and examination show the blanket to be still in good condition at the end of 
seed—2 operation. The operation of core-1 with additional seeds will provide 
data on the following important factors: 
(a) Irradiation limitations on a large core loading of UO, fuel rod 
elements. 
(b) Physics characteristics and thermal performance of seed and blanket 
cores as a function of increasing fuel depletion. 
(c) Long-term reliability of the reactor core structure, primary coolant 
components, and control systems. 
In addition, the operation of the PWR plant provides a facility for the training of 
personnel for central station nuclear reactor plants. 


2. Future plans and objectives connected with PWR core-2 


Results of the PWR program have made possible the development of a higher 
power and longer life core (PWR-2) for installation in the Shippingport pressure 
vessel. This step is expected to result in major reductions in fuel cycle and 
capital costs per unit of power equipment. 

The major differences between PWR-2 and PWR-1 are summarized below: 

(a) Core power of PWR-2 is 525 mwt (150 mwe) with four coolant loops 
in operation as compared with 231 mwt (67 mwe) for PWR-1 with three 
coolant loops in operation. 

(b) Core-2 will have plate type UO. fuel elements in both the seed and 
blanket as compared with metallic plate elements in the seed and rod type 
UOz elements in the blanket of core—1. 

(c) Core—2 will have a different geometry of seed and blanket arrange- 
ment and will require only 20 control rods as compared with 32 for core—1. 

(d) Core—2 is designed for 20,000 equivalent full power hours in the blanket 
with 10,000 equivalent full power hours for the first seed as compared with 
8,000 and 3,000 equivalent full power hours, for the blanket and seed, respec- 
tively, af core—-1. 

(5) Core-2 will have two pass coolant flow in the blanket as compared 
with a single pass in core-1. 

(6) Core-2 will have an 8-foot core height as compared with 6-feet for 


‘ore-1. 
(5) Core-2 will have two pass coolant flow in the blanket as compared 
(7). The pressure vessel head for core—2 will utilize a new design that will 


have a single refueling port in the head as compared with 10 ports in the 
core-1 design. 

(8) PWR-2 pressure vessel will have a flange between the vessel and the 
head to accommodate instrument leads from the core. Because of this ar- 
rangement, the core instruments will not interfere with refueling operations 
as is the case in PWR-1. 

(9) The core will incorporate remote manually adjustable floworifices in 
the fuel assemblies for changing distribution in the core to take care of power 
shifts which may occur during lifetime. 

(10) The average power density of core—-2 is expected to be about twice that 
of core-1. (Increase from 75 to about 130 kilowatt per liter of the seed and 
from 25 to about 40 kilowatt per liter of the blanket. ) 

Figure 1 shows a comparison of PWR-1 and PWR-2. 
Figure 2 shows a cross section of the two cores. 
Figure 3 shows a more detailed picture of PWR-2. 


3. Choice of core size 


In establishing the developmental objectives for PWR core—2, consideration was 
given as to whether this core should be designed for 100 megawatt gross electrical 
or 150 megawatt gross electrical power output. The latter output represented 
about the largest core size which would still fit in the Shippingport pressure ves- 
sel. The largest practical core size that could be put into the Shippingport pres- 
sure vessel was selected for PWR-2 because it would provide information of more 
hearly direct applicability to the design and evaluation of large central station 
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nuclear powerplants of this type. The seed and blanket type core with UO; fuel 
makes it particularly important to maintain the radial dimension of the core if 
one is to obtain a large amount of power from the natural uranium blanket. An 
increase in length of the core provides information on thermal, hydraulic, and 
physics characteristics of longer fuel channels which is of general interest for de- 
sign of water-cooled power reactors. A smaller core would provide a demonstra- 
tion of the feasibility of higher power density but the larger core would provide 
improved information on the following items as well: 

(a) Performance of the seed and blanket core concept, including its neg- 
ative temperature coefficient in large power reactors. 

(b) The axial and radial stability of the core under full power operation 
as a function of core exposure. Since oscillation is expected to be a problem 
in any large core and may be aggravated by uneven fuel depletion, it will be 
of great importance to determine if any incipient oscillations can be sup 
pressed with as much ease as was the case for PWR-1. 

(c) Reactor control in a large core. Reactor control problems are con- 
siderably more severe as the power density, core volume, and core lifetime 
are increased. 

(d) Means of maintaining a satisfactory power distribution over an ex- 
tended lifetime for a high power core. Due to uneven burnup, it becomes 
significantly more difficult to maintain good power distribution in a core of 
high power rating over a long lifetime since nonuniform burnup may produce 
heavy concentrations of fuel in particular areas. 

(e) Fuel removal procedures and equipment which are more complex in a 
large size reactor core. 

(f) The hydraulic and thermodynamic properties of the longer flow sec- 
tions. 

In order to dissipate the higher power output of PWR-2, it will be necessary to 
either expand the electrical generating portion of the Shippingport plant from 
100 megawatts to 150 megawatts or provide a suitable heat sink. The Duquesne 
Light Co. has submitted to the Commission proposals for either one of these 
possibilities and from an economical standpoint, the heat sink proposal is more 
attractive. Use of a heat sink for power dissipation meets all of the require 
ments for proving out the higher power capabilities and thus the developmental 
objectives of PWR-2. 

Some of the more important developments that are being performed in con- 
nection with PWR-2 can be summarized as follows: 

(a) Plate type fuel elements of UO, are under development for both the 
seed and blanket portions of the core. This type of fuel element will be 
suitable for operation at high heat fluxes and to high burnups and yet will 
maintain a relatively low central temperature (1,200° to 1,500° F.). In 
addition, these plate type elements provide an easy way of compartmenting 
the fuel into small volumes to limit the consequences of cladding failure. 
This fuel element technology is considered achievable as a result of the data 
obtained from basic metallurgical work, development of oxide plate fabri- 
cation and bonding methods, and inpile fuel irradiation of plate elements 
which have reached values of approximately 60,000 MWD/T of UO:. 

(b) Methods are under development for using lumped burnable poisons 
such as boron-carbide in specific locations of the core with the objective of 
reducing the peak-to-average power distribution, increasing seed life, and 
reducing the amount of mechanical control that is required. 

(c) An improved zirconium cladding material, Zircaloy—4, which is less 
susceptible to hydrogen pickup and therefore to embrittlement, will be used 
in the fabrication of PWR-2 fuel elements. It is anticipated that Zircaloy-4 
will be a much more suitable cladding material for long life cores than 
Zircaloy—2. 

(d) Digital computer codes adequate for analysis of a large multiregion 
power reactor over the full power life of the core will be developed. The 
largest digital computer will be used to determine in three dimensions, for 
heterogeneous lattices, the local power density as a means of locating any 
serious hot spots and power gradients, so that they can be avoided by adjust- 
ment of local fuel and burnable poison concentrations. 

(e) Improved incore instrumentation will be developed to determine with 
better accuracy the nuclear and thermal performance of the core and measure 
asymmetric power distributions that may take place. 
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(f) Heat transfer correlations will be developed for long plate type cores 
under both steady state and transient conditions to take full advantage of 
the high power density potential of UO, plate type fuel elements. 

(g) The core will also utilize a two-pass flow arrangement in the blanket 
with an adjustable flow orifice in each individual fuel assembly to accommo- 
date power shifts that occur with lifetime. The change in orificing is per- 
formed during seed refueling by inserting a special tool in the reactor through 
the refueling port, and does not require removal of the individual fuel 
assemblies from the core. 


Planned schedule 


Current best estimates of the Shippingport schedule for core insertion and 
removal are given below: 


TABLE 1.—Shippingport core schedule 


A. ASSUMING BLANKET PERFORMANCE IS ADEQUATE FOR INSERTION OF SEED—-3 


Reed B-peunre Cneracee. o-oo ac .4 28 .. April 1960. 
Seed 2—Depleted Peace Se nn Sawa September 1961. 
Seed 3—-Start operation_ en BEE es ; .. December 1961 
Seed 3—Depleted___-_- : : sane OE a _ January 1963. 
Core 2-Start installation_- a oe cites ceed ee ae March 1963 
Core 2-Start operation. Sine wenas . August 1963. 


B. ASSUMING BLANKET PERFORMANCE IS NOT ADEQUATE FOR INSERTION OF SEED—-3 


Seed 2-Start operation ‘ act BO Rs nela dtd ae en 1960. 
Seed 2—Depleted . aes iin cicntiekinns! SACees: IORs 
Core 2-Start installation IT Eee IESE SE me 
Core 2—Start operation june SAS ee oe April 1962 


* * * " * * * 


APPENDIX 5 


AMERICAN PuBLic POWER ASSOCIATION, 
December 16, 1959. 
Senator CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Washington, D.C. 


DeaR SENATOR ANDERSON: Members of this assoviation’s atomic energy com 
mittee had the opportunity on December 9 to be taken on a very thorough tour 
through the Atomic Energy Commission’s Shippingport plant and to witness the 
fuel element removal operation now going forward. Our group was greatly 
impressed by the unique value of Shippingport as a power reactor development 
laboratory, not only because it is the only large operating power reactor but 
because it is an extensively instrumented facility and operated for the principal 
purpose of producing needed technical data. As on previous visits, I was struck 
by the importance of this facility to the atomic power program and thought I 
would take the liberty of passing on my impressions to you. 

Enclosed is a copy of the latest issue of our Atomic Power Newsletter which 
includes a summary article on our PWR visit. 

I am aware of the fact that there are divergent views as to the value of the 
Shippingport facility, but my own impression is that it is certainly paying off 
in the technical data which it is producing and doubtless will continue to pro- 
Vide. 

At a matter of fact, it seems to me that Shippingport illustrates a primary 
heed of the atomic power development program. I may be mistaken, but it is 
my understanding that the privately financed power reactors which are being 
built are not as heavily instrumented as is the PWR nor will they be operated 
for the primary purpose of producing new technical information. Equally 
important, they are not backed up by large development laboratories like Bettis. 
These plants no doubt, will contribute to the advancement of the technology but 
I wonder if they can be regarded as substitutes for the type of facility exempli- 
fied by the PWR. It seems most probable that we would go ahead farther and 
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faster in technological development and in gaining an understanding of what 
really happens in a reactor under various operating conditions if we had more 
facilities of this character 

As you know, this association consistently has advocated a stronger atomic 
power development program and, as part of such an effort, some additional 
Federal plants. We have urged the latter not in the interests simply of creating 
Federal power capacity but with the thought that such additional plants should 
be truly developmental facilities and with the conviction that the private utili- 
ties cannot afford to build and operate such facilities. They can hardly be 
expected to spend more on instrumentation and on experimental operations 
than required for their needs as a utility. 

The “second round” approach seems consistent with the construction and 
operation of demonstration or developmental facilities of the type needed, since 
the Government finances and owns the reactor, and it may be that fuller 
advantage could be taken of this opportunity on the second round projects. 
However, there is a substantial body of opinion that a need also exists for 
larger plants than are likely to be feasible for municipals or cooperatives under 
second round arrangements. For example, John Simpson, formerly director 
of the Bettis Laboratory, testified before your committee last February that 
there are types of information attainable from the operation of a large reactor 
that are not attainable from a small one. 

Consequently, in addition to the small second-round-type projects and to 
the projects being built by the privately owned utilities, it has seemed to us 
that several sizable developmental facilities like Shippingport would be most 
valuable. As you know, we repeatedly have suggested that these be built at 
AEC sites and the byproduct power utilized by AEC. The small gas-cooled 
project now underway at Oak Ridge, thanks largely to your efforts and others 
on the Joint Committee, is an example of such an arrangement. 

The Shippingport visit strengthened another impression I have had, and that 
is that a large number of assumptions and uncertainties lie submerged beneath 
the numerous nuclear power cost estimates being published. These uncer- 
tainties usually are glossed over by those making the estimates and the im- 
pression is given that the cost figures have considerable validity. I was par- 
ticularly surprised when the AEC Director of Reactor Development recently 
announced the conclusions of several nuclear power economic studies and stated 
estimated cost figures down to the nearest one-hundredth of a mill per kilowatt- 
hour. I don’t think there is much justification for pretending that at this 
stage costs can be estimated with such precision and the briefing at Shippingport 
supported this belief 

It seems to me that, to attain the nuclear power costs estimated for various 
types of reactors in the recent AEC studies, a much more considerable effort 
will be required than has yet to be proposed by the Commission, and I doubt if 
they will be attained by building only reactors designed and operated with the 
conservatism necessary for utility-type plants. More PWR-type projects seem 
required, and no one except the Federal Government is likely to build these. 
Furthermore, AEC is the only organization with the large laboratories required 
for backup. 

I know that these considerations have been obvious to you and some other 
members of the Joint Committee in the past, and I hope that during the coming 
session of Congress you will persist in your efforts to strengthen the U.S. pro- 
gram for the development of economic nuclear power. 

Sincerely, 
JAMES L. GRAHL. 


ALBUQUERQUE, N. MEx., December 23, 1959. 
Mr. JAMES L. GRAHL, 
Director, Atomic Energy Service, 
American Public Power Association, 
Washington, D.C. 


Deak Mr. GRAHL: Thank you very much for your letter of December 16 
dealing with the tour which representatives of the American Public Power 
Association made on December 9 at the Shippingport plant. 

I appreciate very much the suggestions you have made about the valuation 
of the Shippingport plant. I have recently been urging that some such yalu- 
ations be made because I am a little tired of hearing people announce the cost 
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of Government-developed power at Shippingport. A vast amount of money 
being spent at Shippingport is for research, in my opinion, and the amount of 
money that the Government is using to subsidize the development of steam 
which is sold to Duquesne Power & Light Co., is, I believe, reasonably small. 
[I would, of course, like to see the exact amount computed so that we would 
have some idea of what power is actually costing at Shippingport, but I think 
any special effort would need to take into consideration the things you men- 
tion in your letter. You point out that this is an extensively instrumented facil- 
ity and operated for the principal purpose of producing needed technical data. 
This is a point that I find frequently overlooked. Shippingport is valuable 
because it does produce technical data and does afford us a proving ground 
for various ideas. I would not want it otherwise and I am sure that the $20 
million that may be spent annually at Shippingport is of value to the whole util- 
ity industry in direct proportion to the amount of energy developed by con- 
ventional plants. In other words, five-sixths of the benefits goes to the private 
utility companies and they should be rejoicing at the work at Shippingport 
instead of being occasionally critical. 

I am returning your letter to Mr. Ramey because I want it in the files of the 


joint committee, but I appreciate very much the time you have taken to send 
it to me. 


Sincerely yours, 

































































CLINTON P. ANDERSON. 
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AMERICAN PUBLIC POWER ASSOCIATION, 
Washington, D.C., December 15, 1959. 











APPA REPRESENTATIVES MAKE INFORMATIVE TOUR OF 
SHIPPINGPORT 











Seven members of the APPA Atomic Energy Committee spent a day last week 
at the Atomic Energy Commission's Shippingport atomic power reactor—the 
60,000-kilowatt (electric) PWR—and observed the work now underway prepara- 
tory to the removal of spent fuel from the reactor. It was the committee's 
third visit to the pressurized water reactor. The group found that there are 
more difficulties involved and more to be learned about power reactor fuel 
removal than current articles on atomic power generally imply. 

Several months to remove fuel—The APPA group received an excellent brief- 
ing on the fuel removal process from the AEC officials in charge of the Shipping- 
port reactor and spent several hours on a trip through the plant, including the 
containment vessels housing two of the four main coolant-steam generator loops 
and auxiliary equipment. 

Mr. Mark Forssel, Chief of AEC’s Shippingport office, said that Duquesne 
Light Co.—which owns the site and turbine-generator and operates the entire 
plant for AEC under contract—shut down the plant several weeks ago to start 
work on the fuel removal process, that it would be another 2 weeks or so be- 
fore the first fuel element is removed from the reactor vessel, and that removy- 
ing and replacing the spent fuel probably will require 4 to 5 months to com- 
plete. 

Plant design and utility inexperience prolong operation.—However, Mr. Forssel 
and Comdr. E. E. Kintner, Deputy Chief of AEC’s Pittsburgh area office, em- 
phasized that the 4- to 5-month requirement should not be regarded as represen- 
tative for power reactors generally, Fuel changing at Shippingport is more diffi- 
cult because of extensive instrument installations in the core and because the 
core was designed prior to any experience with changing fuel in a large pres- 
Surized reactor. In addition, the AEC officials pointed out, this is the first at- 
tempt to change fuel in a large power reactor and also the first experience for 
Duquesne Light Co. personnel in planning and executing the complex fuel re- 


moval process. AEC experts are supervising only to the extent necessary to 
assure the safety of personnel and the reactor. 
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One month for average plant.—For a regular power reactor in the Shipping- 
port size range (60,000 to 150,000 kilowatts), the AEC officials estimated that 
about 1 month would be required for removal and replacement of the reactor 
fuel charge once the utility learns the process, because of less complex core 
instrumentation and because the Shippingport experience is leading to core as- 
semblies designed for easier removal and to improved removal procedures. 

(For most power reactors, a core is expected to last 2 years or longer.) 

Most of core to remain.—Only a portion of the PWR core is being removed. 
The core consists of a seed—a hollow square of 32 fuel assemblies containing 
almost pure uranium 235, and a blanket located inside and outside the seed 
consisting of 113 assemblies containing natural uranium. Only the seed is to 
be replaced, as the blanket has an “indefinite” life, limited only by the physical 
integrity of the fuel elements. 

New core under design.—The Shippingport seed elements had a design rating of 
3,000 full power hours but actually produced over 5,800 full power hours. They 
will be replaced by improved elements of the same type. Later, the PWR will 
receive a complete new core which Westinghouse, AEC’s research and develop- 
ment contractor for Shippingport, is designing. It will be only slightly larger 
than the present core but is expected to produce five times the energy—2% times 
the power level (150,000 kilowat electric) and twice the life—of the present core. 

PWR a development facility—Shippingport’s unique value as a power reactor 
development laboratory was emphasized by the AEC representatives. Since 
reaching full power in December 1957, it has been the only large power reactor 
in the United States and so the only facility in which certain types of information 
could be developed. The core blanket of uranium oxide elements, for example, 
has provided the only opportunity for statistically significant tests on the per- 
formance of uranium oxide fuel, now the favored fuel for most reactors under 
design in the United States. 

Reactor automatically follows load.—The PWR experience has been encourag- 
ing. In designing the reactor system, the failure of as many as 1,000 of the 100,000 
natural uranium oxide elements was anticipated. To date, tests indicate that 
no more than one or two have failed, and these have resulted in extremely slight 
radioactive contamination of the water in the primary coolant loops. None of 
the enriched fuel elements failed. 

As a power facility, the PWR has proved to be extremely safe and reliable 
the APPA group was informed and far easier to operate and much more respon- 
sive to load swings than a conventional plant. Two of the large “canned rotor” 
pumps on the primary coolant system have had to be replaced, the group was 
told, there have been some heat exchanger difficulties, and the moisture separator 
on the turbine is undergoing extensive repairs for the second time, but the reactor 
proper has functioned extremely well. 

Unusually well instrumented.—The current fuel removal work was cited as 
another example of Shippingport’s value. Problems encountered to date have 
indicated design changes to facilitate fuel removal which will be reflected in 
subsequent Shippingport cores and in those of other reactors as well. 

However, some of the difficulties, such as those caused by the extensive instru- 
mentation assemblies, are inherent in a developmental reactor like the PWR. 
Much more can be learned about what actually happens in the PWR core under 
various conditions, the APPA group was told, than will be possible in other large 
power reactors, which will not be as heavily instrumented. 

Illustrates cost prediction problems.—Although not mentioned by the AEC 
representatives, the Shippingport trip also indicated that the prevalent practice 
of estimating future nuclear power costs to the nearest one-hundredth of a mill 
is probably both idle and misleading. Thus, the complete lack of experience in 
the utility industry with removing and replacing reactor fuel makes it impossible 
to predict operating and maintenance costs with much certainty, yet both the 
manufacturers and the AEC use figures as precise as 0.86 mill/kilowatt hour, for 
example, in estimating the O. & M. cost for reactors not yet designed or built. 

Precise estimates misleading.—Such other uncertainties as actual plant capac- 
ities, actual fuel life, and the real costs of fuel reprocessing and waste disposal 
make precise estimates of other unit costs equally hazardous at the present 
time. Utilities should not assume that most of the technical problems of economic 
nuclear power are solved just because industry and the AEC have adopted the 
practice of estimating the cost of power from future reactors far more precisely 
than appears to be justified by the present state of knowledge. 
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APppENDIX 6 


REMARKS BY FRANK K. PITTMAN, Drrecror oF REAcTOR DEVELOPMENT, U.S. 
ATOMIC ENERGY COMMISSION FOR PRESENTATION AT THE 1959 ANNUAL CON- 
FERENCE OF THE ATOMIC INDUSTRIAL ForRuM, SHERATON PARK HOTEL, WASH- 
INGTON, D.C., NOVEMBER 3, 1959 


POWER REACTOR POTENTIALS 


Ladies and gentlemen, it gives me great pleasure to be able to talk to you 
today on the subject of power reactor potentials. The Commission’s civilian 
nuclear power program may be said to date officially from the passage of the 
1954 amendment to the Atomic Energy Act. During the first 5 years of this 
program, much has been accomplished. Major research and development pro- 
grams have been carried out by the Government and by industry, with the re 
sult that sufficient information has been generated on eight separate reactor 
systems to indicate that it is technically feasible to use them for the generation 
of electric power. For some of these concepts, there have been, or are now 
being, constructed power producing prototypes which will gather the operating 
experience and economic data needed to show the way to economic nuclear 
power. 

As we review the results of the first 5 years of operation of the U.S. nuclear 
power program, it becomes evident that there is now need for a careful evalua- 
tion of the national effort and a determination of the program that should be 
pursued during its next phase. The project which we have undertaken to ac- 
complish this evaluation has become known, both within the AEC and in in- 
dustry, as the 10-year program. It is my purpose during the next few minutes 
to discuss with you the status of this study and the conclusions which we have 
reached concerning the economic potential of the several reactor concepts which 
we now have under active investigation. 

First I would like to say a few words about the procedures which we have 
followed in carrying out the project. In order to develop any sensible long 
range program, it was necessary that we first have as a starting point a clear 
understanding of the current status of the several concepts which make up our 
current program. In addition, we need the best possible analysis of the po- 
tential of each concept, the scope and cost of the development and construction 
program needed to achieve its potential, and the time when the potential could 
be realized. 

We have now completed those phases of the study which establish the current 
status and which gives us preliminary answers concerning the potential of each 
of the concepts. In developing this information, we have taken full advantage 
of the talents, knowledge, judgment, and know-how of persons within the Com- 
mission and its laboratories and from the U.S. nuclear industry. Based on 
the contributions of these persons and incorporating adjustments and evalua- 
tions made by the staff, we have prepared a report entitled “Summary of Cur- 
rent Status of Reactor Concepts.” This report is now being printed and will be 
available for distribution early next year. We have also prepared a preliminary 
draft report entitled, “Economic Potential and Development Program.” This 
report will be used by the Commission and its ad hoc advisory committee as one 
tool in the development of the long range program. The information which I am 
presenting today is the first public discussion of the contents of this second 
report. 

Before discussing the details of our analysis of the potential of the various 
concepts, I would like to spend a few minutes discussing just what was and was 
not covered in the study. 

To begin with, we have considered only those concepts which have sufficient 
technical bases to allow us today to assume technical feasibility, and we have 
projected development programs only to the extent that it is reasonable, on the 
basis of our present knowledge, to foresee success. Aside from nuclear super- 
heat, no major modification of concepts as we now know them was assumed. 

For example, we have not attempted to introduce into these studies the ef- 
fect of variable moderation or spectral shift on the potential of the water con- 
cept—we have not tried to factor in the long range effects of programs such 
as turret or pebble bed on the gas cooled concept—our analysis of the fast reac- 
tor systems did not attempt to give weight to the potential impact of the Los 
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Alamos molten plutonium reactor experiment. We made no attempt to study 
the potential of other moderators such as graphite or D,O when used with or- 
ganic coolants; we did not analyze the use of graphite moderation in water 
systems; we made no attempt to determine the potential of epithermal reactor 
systems; the possibility of open or closed cycle gas turbine systems was not 
evaluated. Furthermore, we made no assumptions that the current charges 
for reprocessing and transportation would be decreased, that waste disposal 
techniques would be improved, or that there would be major cost reductions as 
a result of high volume throughput in fuel fabrication. I dwell on this subject 
in order that it be clearly understood that our studies and the figures which 
give today were based on what seems to be the potential of these systems which 
have today progressed to the point where large scale plants are in operation 
or will soon be. We have not projected ourselves into the realm of unproven 
concepts. 

The studies which we have now undertaken and which I am discussing today 
are only the first in a continuing series. The omissions which I have discussed, 
together with others, will be factored into our future studies. 

Now that I have, I hope, made clear what is not covered by the study, I 
would like to say a few words about the ground rules and assumptions which 
went into the study we did make. I do this so that you may better interpret 
the results and assign a confidence level to the figures which I will present. We 
have attempted to follow ground rules which are neither unreasonably optimis- 
tic nor unduly pessimistic. The extent to which we have achieved this balance is 
a matter of opinion and judgment, and I am sure we will be subject to criticism 
on both sides. If the number of critics on each side is roughly equal, I will as- 
sume that we have reached a reasonable balance. 

Some of the assumptions that are on the optimistic side are— 

1. All research and development and engineering test programs were 
successful. 

2. A load factor of 80 percent was in effect. 

Offsetting these factors are some which could well be considered to be pes- 
simistic : 

1. No credit is taken for such things as.shorter construction times, lower 
engineering costs, and lower component costs which will undoubtedly come 
about as the nuclear industry reaches its maturity. 

2. All economics were based on a one-reactor, one-turbine station. No 
credit was taken for multiple-unit stations such as are now being built 
in England and Russia. 

3. It was assumed that operating, maintenance and insurance costs would 
remain high for nuclear plants. 

4. No increase in reactor capacity beyond design power was assumed, al- 
though experience has shown that reactors can generally develop much 
more thAn design power after they have operated for a reasonable time. 

5. No decrease in the cost of uranium 235 was assumed. 

In our studies, we have attempted to evaluate the several concepts on a com- 
parable basis. It was, however, not possible to follow ground rules that offered 
complete consistency among the concepts. For example, by fixing the size of 
the reference plant at 300 electrical megawatts, we may have established a 
relative economic potential among the concepts which would not be the same 
had the reference plant been much larger. Variations in assumed value of plu- 
tonium or the assumed cost of uranium 235 would also have slightly different 
effects on different concepts, as would changes in the inventory charge for 
uranium or for heavy water. These factors are, however, all considered to 
be minor deviations in the detailed structure of our study. They do not affect 
the basic conclusions of our effort. 

I would now like to discuss the details of our results on the various concepts. 
In each case, I will indicate the cost of power from a 300-electrical-megawatt 
plant that could be built with today’s technology without major extrapolation, 
the areas where we have assumed cost reductions could be made, the extent of 
such potential reductions and hence the cost of power from the potential plant, 
the cost of the additional research and development program which would 
be required to achieve the reduction and the date when construction could be 
initiated on the potential plant. All cost data are based on an assumed 80-per- 
cent load factor, fixed charges at 14 percent, and plutonium value at $12 per 
gram. 
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I. PRESSURIZED WATER SYSTEMS 


In this country, this system is at present the most technologically advanced 
as a result of the experience which has been gained in design and operation of 
the naval propulsion reactors, the Shippingport reactor, and the Fort Belvoir 
reactor, in the design and constriction of such units as the NS Savannah, the 
Yankee Atomic Electric Co. reactor, SELNI, Belgian reactor No. 3, the Saxton 
nuclear experimental reactor of the Nuclear Experimental Corp., Saxton, Pa., 
and the various Army reactors, and in the design studies on the small power and 
process heat reactors. It is not unreasonable, therefore, to find that the power 
costs from a 300-electrical-megawatt pressurized water reactor that could be 
built with today’s technology, namely 9.28 mills per kilowatt-hour, are lower 
than from any other type of reactor. This cost consists of 5.05 mills for capital 
cost, 3.38 mills for fuel cycle cost, and 0.85 mill for operation, maintenance, 
and insurance. 

Our studies indicate that the substitution of primary pumps employing 
mechanical shaft seals rather than canned rotors, the elimination of external 
pressurizers, the modifications of the vapor containment, the use of bulk boiling, 
and the simplification and improvement of control drive mechanisms would allow 
a reduction in the total capital cost of the plant by 0.65 mill per kilowatt-hour, 
which makes that cost component for the potential plant 4.40 mills per kilowatt- 
hour. 

More extensive reductions are indicated in the fuel cycle costs for this system. 
The fuel exposure for the uranium dioxide fuel can probably be increased from 
the 27,500 megawatt days per ton maximum which is current technology to 40,000 
megawatt days per ton. We also think that fabrication costs of stainless-steel- 
clad uranium dioxide can be dropped from the current level of $110 per kilo- 
gram of uranium to $70 per kilogram. These two factors would result in a total 
reduction in the fuel cycle cost of 0.82 mill per kilowatt-hour which makes this 
factor in the potential plant 2.56 mills per kilowatt-hour. 

We have assumed that the operating, maintenance, and insurance charges will 
remain at the 0.85 mill per kilowatt-hour level. The total cost for the power 
from the potential plant in the pressurized water system is thus 7.81 mills per 
kilowatt-hour. 

In order to achieve the gains indicated above, a research and development 
effort of the order of $20 million will be required between now and 1965. We 
feel that by proper utilization of existing, or soon to be existing, plants, it would 
not be necessary to construct more experimental or prototype reactors over and 
above those now in operation, under consideration, or planned, and that a project 
aimed at construction of the potential plant could be initiated, concurrently with 
the research and development program, in the near future. 


II. BOILING WATER SYSTEMS 


This system is today only slightly less technologically advanced than the pres- 
surized water system. This is due in part, of course, to the fact that it is able 
to take adavantage of much of the extensive experience and technology de- 
veloped in the pressurized water system. It is also due to the highly successful 
operating experience of the experimental boiling water reactor, the Vallecitos 
boiling water reactor, and BORAX experiments, to the engineering experience 
that has been gained through design and construction activities of Dresden, 
Elk River, Northern States, Army reactors, and so forth, and through the de 
sign efforts on such units as the SENN (Societa Elettronuclear Nazionale), 
Ponta Fiume plant, the Humboldt Bay project of the Pacific Gas & Electric Co., 
and others. 

We have estimated that a 300-electrical-megawatt dual-cycle plant could be 
built on the basis of today’s technology to produce power at a total cost of 9.61 


- mills per kilowatt-hour. This figure is made up of 5.26 mills for fixed charges, 


3.47 mills for fuel cycle, and 0.88 mill for operation, maintenance, and insurance. 

The capital costs factor of this system could be reduced by simplification of 
design to eliminate large risers and heat exchangers, by increasing the power 
density from 28 kilowatts per liter to 50 kilowatts per liter of core, and, by 
changes in the vapor containment design. The total potential reduction in the 
capital costs by these changes is 0.95 mill per kilowatt-hour, which brings that 
component of the potential plant to 4.31 mills per kilowatt-hour. 

The reduction in the fuel cycle costs would be brought about by the power 
flattening which is made possible by high-power density elements, by increasing 
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the average irradiation of the fuel to 19,000 megawatt-days per ton, and by re- 
ducing the fabrication costs for the zirconium-clad uranium dioxide from $140 to 
$90 per kilogram of uranium. The total potential reduction of the fuel cycle 
costs which can be brought about by these gains is 1.18 mills per kilowatt-hour 
which brings this part of the power cost of the potential plant to 2.29 mills per 
kilowatt-hour. Again, operation, maintenance, and insurance have been assumed 
to remain constant at 0.88 mill per kilowatt-hour and the total cost of power 
from the potential plant is 7.48 mills per kilowatt-hour. 

In order to achieve these gains, a development program amounting to ap- 
proximately $20 million must be undertaken in the next 5 years. In addition, 
it will be necessary to construct and operate a high-power density prototype 
which will require an additional $25 million. Construction of the 300-electrical- 
megawatt potential plant could start in late 1964 or early 1965. 


III. NUCLEAR SUPERHEAT 


While it is not, in our opinion, possible to build a nuclear superheat reactor 
solely on the basis of today’s technology, we feel that this concept offers a fair 
potential for reducing the cost of power from water reactors—either pressurized 
or boiling systems. In our study, we conclude that the cost of electricity from 
a 300-electrical megawatt waterplant would be reduced by 0.73 mill per kilo- 
watt-hour through the use of an integral nuclear superheat system. The cost 
reduction, which is split 0.43 mill for capital cost and 0.30 mill for fuel cycle, is 
due primarily to higher plant efficiency and reduction in turbine costs which is 
made possible by superheated steam. If these reductions are applied to the 
potential plant in the boiling system, a power cost of 6.75 mills per kilowatt- 
hour results. 

In order to achieve the potential benefits of nuclear superheat, a development 
program, in addition to others discussed previously under water systems, of the 
order of $4 million must be carried out between now and 1965 and a nuclear su- 
perheat prototype reactor must be built and operated at a cost of approximately 
$20 million during that period. A 300-electrical-megawatt potential plant in- 
corporating nuclear superheat could be under construction in 1965. 


IV. ORGANIC COOLED AND MODERATED SYSTEMS 


In this system, the state of knowledge is not as extensive as in the water 
systems and as a result the cost of power from a 300-electrical-megawatt plant 
built on today’s technology would be 11.45 mills per kilo-watt hour. This figure 
is made up of capital costs of 4.39 mills, fuel cycle costs of 5.72 mills, and op- 
eration, maintenance and insurance costs of 1.34 mills. The lower capital cost 
for this system, made possible because of its low pressure, noncorrosive aspects, 
is more than-offset by the high fuel-cycle costs resulting from the low exposure 
which can be achieved in the metal cores of current technology and by the high 
operating costs which are occasioned by the necessity for replacing the organic 
materials as it is destroyed by reactor irradiation. 

The potential of this system lies in the development of a new fuel element 
and cladding material which can achieve much longer life, in increasing the 
power density from 19 to 44 kilowatts per liter of core, and in increasing the 
heat transfer capabilities of the system. The studies which we have made in- 
dicate that the necessary results can be achieved and that the cost of power 
from the 300-electrical-megawatt potential plant would be 7.10 mills per kilo- 
watt-hour, of which 3.65 mills are due to capital costs, 2.11 mills to fuel cycle 
costs, and 1.34 mills to operation, maintenance and insurance. 

In order to achieve these results, it would be necessary to undertake a re 
search and development program amounting to approximately $40 million be- 
tween now and 1965. In addition, $30 million is needed for the construction 
and initial operation of 4 75-electrical-megawatt prototype reactor. Construc- 
tion of the 300-electrical-megawatt potential plant could be initiated in 1965. 


Vv. SODIUM GRAPHITE SYSTEM 


The operating experience of the sodium reactor experiment, together with 
the experience of the naval reactors and the fast reactors programs, has indi- 
cated that it is technically feasible to use the sodium graphite system to pro- 
duce power. We have estimated that power costs from a 300-electrical-mega- 
watt plant based on current technology would be 11.22 mills per kilowatt-hour, 
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of which 6.11 mills are for capital costs, 4.12 mills for fuel cycle, and 0.99 mill 
for operation, maintenance, and insurance. 

In order to realize the potential of this system, it will be necessary to develop 
a new fuel material—the uranium-molybdenum elements on which current 
technology is based offer very little potential for reduction in fuel cost. How- 
ever, by developing uranium carbide as a core material, by achieving a core life 
of 17,000 megawatt days per ton, and by lowering fabrication cost for stainless- 
steel-clad uranium carbide elements to $70 per kilogram of uranium, the fuel- 
cycle costs for this system would be reduced to 1.92 mills per kilowatt-hour. 

In addition by developing simplified and much less expensive steam generators, 
by confining the primary cooling system to the reactor vessel, by eliminating 
moving parts in the sodium stream, and by developing a calandria core to super- 
sede the canned moderator core of current technoolgy, it will be possible to re- 
duce the capital costs of the plant by 1.19 mills per kilowatt-hour. It is also 
expected that increased knowledge of sodium handling systems will allow oper- 
ating costs to be reduced by 0.05 mill per kilowatt-hour. 

Taking into consideration all reductions which can reasonably be expected to 
be achieved, the cost of power from the 300-electrical-megawatt “potential plant” 
will be 7.71 mills per kilowatt-hour of which 4.81 mills will be for capital costs, 
2 mills for fuel cycle and 0.90 mill for operation, maintenance, and insurance. 

To accomplish this program, a development program, including the operation of 
the Hallam nuclear power facility and the sodium reactor experiment, of the 
order of $82 million will be required between now and 1967. In addition, $50 
million will be required for construction of a 75-electrical-megawatt prototype 
reactor. Such a program would make it possible to start construction of the 
300-electrical-megawatt “potential plant” by 1965 or early 1966. 


VI. GAS COOLED REACTOR SYSTEMS 


Gas cooled technology in this country is not in a highly advanced position, since 
it is only quite recently that work in this field has become an important factor 
in our overall program. In spite of the fact that no gas cooled power reactors 
have been built or are even in an advanced state of design in this country, we feel 
that British experience on natural uranium gas cooled reactors, plus the extensive 
development work which we have done in this country on enriched fuels, gives us 
the current technology on which we can base estimated power costs from a plant 
that can be built at this time. These costs are 11.89 mills per kilowat-hour for 
a natural uranium gas cooled reatcor system and 10.36 mills per kilowatt-hour 
for an enriched system—this latter figure has a 5.97-mill component for fixed 
charges, 3.21 mills for fuel cycle, and 1.18 mills for operation, maintenance, and 
insurance. 

Since our studies show that enriched systems have a greater economic poten- 
tial than natural uranium systems under U.S. utility economics, we have not, at 
this time, attempted to determine the potential of the natural uranium fueled-gas 
cooled systems. 

For the enriched system, our studies indicate that by increasing the bulk out- 
let temperature of the system from 1,050° F. to 1,200° F., by increasing the 
system pressure from 300 to 400 pounds per square inch, and by increasing the 
power density from 5 to 8 kilowatts per liter of core, the capital cost component 
of the power cost could be reduced by 1.57 mills per kilowatt-hour, to 4.40 mills 
per kilowatt-hour. 

As in the case of other systems, the basic reductions in fuel cycle costs are 
predicted to be due to lengthening life and reducing fabricating costs. In this 
system, it is estimated that the life could be extended from 10,000 to 14,500 mega- 
watt-days per ton and that the fabricating cost for the elements could be reduced 
from $110 to $70 per kilogram of uranium. This would bring about a total 
reduction of fuel cycle cost of 0.40 mill per kilowatt-hour, to make this compo- 
nent of the cost of the “potential plant” 2.80 mills per kilowatt-hour. 

A further cost savings is indicated if CO. can be substituted for He as the 
coolant. This would reduce operation and maintenance costs by 0.40 mill per 
kilowatt-hour. Based on all potential gains, the estimated cost of power from 
= 300-electrical-megawatt “potential plant” would be 7.67 mills per kilowatt- 

our. 

The costs of the development program necessary to achieve this potential is of 
the order of $100 million between now and 1968. This is exclusive of the 
$14,500,000 research and development program which is aimed at the high tem- 
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perature unclad fuel prototype being constructed by Philadelphia Electric for 
$24,500,000. In addition, it will be necessary to construct the $30 million experi- 
mental prototype which has already been authorized and which is now under 
construction at Oak Ridge. 


Construction of the 300-electrical-megawatt “potential plant” could be initiated 
by 1966. 


VII. HEAVY WATER MODERATED NATURAL URANIUM SYSTEMS 


The practical technology of heavy water moderation for power-producing reac- 
tors is not far advanced in this country. However, the basic technology for this 
system has been developed through research and development programs, and 
much useful engineering and scientific technology in this fleld is available from 
the design, construction, and operation of the production reactors at Savannah 
River. In addition, a vast amount of basic and engineering information has 
been generated by the Canadians, who have placed major emphasis on this 
system. Taking all these factors into consideration, and recognizing that the 
figures do not have the same degree of backup as those based on current technol- 
ogy for other systems, we have concluded that the cost of power from a 300- 
electrical-megawatt pressure vessel nonboiling plant built on “today’s technol- 
ogy” would be 12.50 mills per kilowatt-hour of which 7.05 mills are for capital 
cost, 4.22 mills for fuel cycle, and 1.23 mills for operation, maintenance, and 
insurance. 

Because this system is in an early state of development, the potential gains 
which can be predicted with reasonable assurance are fewer in number and of 
less certainty than for other systems on which we have a greater background of 
current technology. However, we are satisfied that by the development of a 
pressure tube reactor instead of a pressure vessel type, and by achieving an 
increase in power density from approximately 26 kilowatts per liter, which we 
feel is currently possible, to 35 kilowatts per liter, we could reduce capital 
costs by approximately 1.25 mills per kilowatt-hour to a level of 5.80 mills per 
kilowatt-hour. 

Our analysis also shows that it is reasonable to increase the exposure life- 
time of the fuel from 3,850 megawatt-days per ton, assumed as possible with 
current technology, to 7,000 megawatt-days per ton during the next few years, 
and also to decrease the cost of fabrication from $50 to $15 per kilogram of 
uranium. These improvements would lower fuel cycle costs by 3.01 mills per 
kilowatt-hour to a “potential figure of 1.21 mills per kilowatt-hour.” 

We are not able to predict any decreases in operation and maintenance; how- 
ever, insurance could be lowered by 0.04 mill per kilowatt-hour, resulting in a 
new total of 1.19 mills per kilowatt-hour. 

The cost of power from the 300-electrical-megawatt “potential plant” is thus 
9.03 mills per kilowatt-hour. 

In order to achieve the gains indicated, it will be necessary, in addition to 
the program associated with the reactor project of the Carolinas Virginia Nu- 
clear Power Associates, to undertake an $80 million research and development 
program between now and 1967, and also to undertake a construction program 
in the neighborhood of $175 million. Construction of the “potential plant” could 
be initiated in 1967 or 1968. 

I am sure that all of you recognize that our evaluation of the potential of 
the heavy water natural uranium system is not completely consistent with 
that of the Canadians. In this respect, it must be recognized that our evalua- 
tion is based on U.S. economic conditions and that theirs is based on Canadian 
conditions. It must also be remembered that the “current technology” is much 
more firm in Canada—they are much more at home in this system than we 
are. The differences are matters of judgment, and only time and an intelligent 
program of research and development and plant construction will show which 
evaluation, if either, is correct. 


VIIT. FAST REACTOR SYSTEMS 


Technical feasibility of the fast reactor system has been demonstrated by 
operating experience of experimental breeder reactor No. 1. In addition, the 
design and development programs which have been carried out for experi- 
mental breeder reactor No. 2 and the Enrico Fermi atomic powerplant have 
given us the basis of a current technology on which could be based the design 
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of a 300-electrical-megawatt plant capable of producing power at a cost of 13.25 
mills per kilowatt-hour. The components of this cost are 5.10 mills for capital 
cost, 7.10 mills for fuel cycle, and 1.05 mills for operation, maintenance, and 
insurance. 

Capital costs may be lowered approximately 0.67 mill per kilowatt-hour by 
reducing the thickness of the reactor shield, by simplifying design of pumps 
and inert gas system, by improving and simplifying piping layout and fuel 
loading and unloading mechanism, by increasing the temperature rise in the 
reactor and the temperature drop through the intermediate heat exchanger and 
steam generator, by decreasing pump and pipe size, and by improvements in 
instrumentation. 

Major cost reductions can be realized by substituting a cermet fuel for the 
uranium-10 percent molybdenum alloy which is the fuel of current technology. 
The use of such fuel would reduce fuel cycle costs from 7.10 mills per kilowatt- 
hour to 1.99 mills per kilowatt-hour. 

No credit is taken for lowering operation, maintenance, and insurance costs. 
Total cost of power from a 300-electrical-megawatt “potential plant” is 7.47 
mills per kilowatt-hour. 

In order to realize the potential gains of this system, it will be necessary to 
carry out a development program between now and 1968 in the amount of 
approximately $160 million, exclusive of money spent on the Fermi plant, and, 
in addition, to build a prototype plant at an estimated cost of $55 million. 


The 300-electrical-megawatt “potential plant” construction could be started in 
1968 or 1969. 


IX. THERMAL BREEDER-AQUEOUS HOMOGENEOUS SYSTEMS 


Our studies have indicated that technical feasibility of the aqueous homoge- 
neous reactor system as a thermal breeder has not yet been demonstrated. I 
therefore will not discuss the cost of power from a plant based on current tech- 
nology. However, there is a sufficient background of technology on this system 
to allow us to predict with, of course, somewhat less certainty than in other 
cases, the potential of this system. Power from a 300-electrical-megawatt “po- 
tential plant” is estimated to cost 11.33 mills per kilowatt-hour, of which 6.38 
mills are due to fixed charges, 2.12 mills to fuel cycle costs, and 2.83 mills to 
operation, maintenance, and insurance. 

In order to achieve this objective, it is necessary to undertake a broadly 
scoped research and development program in the amount of approximately 
$75 million between now and 1970, and, in addition, to construct a 5- to 10-mega- 
watt experimental reactor (breeder reactor experiment No. 3), a 110-thermal- 
megawatt-thermal breeder experimental reactor, and a prototype reactor plant 
of 125-electrical-megawatt capacity. The cost of those plants is approximately 
$100 million. 

On this schedule, it is possible that a 300-electrical-megawatt plant could enter 
the design and construction phase by 1970 or 1971. 


CONCLUSIONS 


From the studies which we have made, and with full recognition of the de- 
gree of uncertainty that is inherent in any cost estimates in this field, certain 
conclusions may be drawn: 

1. No reactor system can be constructed on the basis of today’s technology 
which can compete with power from conventional systems using fuel cost- 
ing less than 54 cents per million British thermal units. In this and the fol- 
lowing comparison, by the way, I am assuming a conventional plant of 300- 
electrical-megawatt capacity and a load factor of 70 percent. 

2. Six of the reactor systems can become competitive with conventional 
plants using fuel costing in the range of 35 to 40 cents per million British 
thermal units. 

3. Of the six systems which could compete in areas having conventional 
fuel costs in the range of 35 to 40 cents per million B.t.u., the pressurized 
water system could do so at the earliest date. 

4. The potential of the water systems, with nuclear superheat, and the 
organic system is essentially equal from the standpoint of power cost, time 
when the potential can be achieved, and development costs needed to reach 





652 DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


the goal. Other systems will require 1 to 4 years longer to reach their 
potentials and will require two to three times as much development effort. 
In closing, I would like to emphasize once more that the studies which I have 
reported on here today represent only one small part of the continuing evalua- 
tion and analysis program which will play an ever increasing part in developing 
our national nuclear energy program. The figures I have given and the con- 
clusions I draw today are as important for what they leave unsaid as for what 
they say. The figures have all the uncertainties that are inherent in any predic- 
tions based on the results of experimental programs yet to be undertaken and 
on the operation of plants not yet built—or in many cases not yet even designed. 
In developing the figures, we were naturally forced to use a fair share of tech- 
nical and scientific judgment. I can only hope and request that an equal degree 
of understanding and judgment is exercised by those who will use and quote 
the figures. 


Appenpix 7 
{Excerpt from Forum Memo, March 1960] 


AEC’S 10-YEAR REACTOR PROGRAM 


Having announced that projects demonstrating economic nuclear power in 
limited areas of the United States may already be on the verge of reality (see 
above), McCone then unfolded to the Joint Committee the focus of interest in 
this year’s “202” hearings—the AEC’s newly developed “10-year plan” for civilian 
power reactor development, designed to make nuclear power broadly competitive. 

The program foresees the expenditure of an estimated $1.71 billion from 1961 
through 1969 for reactor development, including reactor experiments and proto- 
types, but not full scale plants on utility systems. This will come to an average 
of $180 to $200 million per year. Expenditures programed for fiscal year 1961 
are $255 million, compared with $202 million in fiscal year 1959 and an estimated 
$285-290 million in fiscal year 1960, indicating that the plan foresees some re- 
trenchment from the current level of effort 

The total money will be allocated approximately as follows: $700 million for 
research and development on specific concepts (including at least six foreseeable 
reactor experiments), $365 million for at least 14 foreseeable prototypes, and 
$645 million for general engineering support and experimental facilities. An- 
ticipated expenditures for individual reactor concepts are outlined in the accom- 
panying table. 


Industry role 


The bulk of these funds, the AEC said, is to be paid by the Government, but 
“industry is expected to make a substantial contribution.” The AEC also 
pointed out that it was not attempting to forecast what projects industry would 
undertake independently outside the 10-year plan, but expected these to be 
substantial. 

The AEC said it plans to continue the Government-industry division of effort 
along the lines used in the past: “Reactor experiments should be built and oper- 
ated by the Commission. Prototypes should be built and operated by publicity 
or privately owned utilities independently or in cooperation with the Commis- 
sion; alternatively, prototypes could be built and operated by the Commission. 
The utility industry should assume the primary responsibility for large commer- 
cial size nuclear power stations; however, the Commission will consider possible 
assistance on initial plants in- various concepts useful for demonstration 
purposes.” 

AEC 10-YEAR PLAN EXPENDITURES 


During his testimony to the Joint Committee on Atomic Energy in last month’s 
“202” hearings, AEC Chairman John McCone presented the following esti- 
mated breakdown of the $1.71 billion tentatively expected to be spent by 


Government and industry through 1969 under the AEC’s 10-year reactor develop- 
ment program. 
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{In millions] 





R. & D. 
Reactor type including Prototypes Total 
experiments 
PWR... ; ‘ ‘ ieee $70 $70 $140 
tg ee 50 45 95 
Superheat ‘ ne 50 30 80 
OCR... : 70 30 100 
Sodium fast-_- 7 140 30 170 
Sodium thermal s ee 25 30 55 
Gas cooled __ j sais 100 30 130 
Heavy water... : fake ; i § 0 55 
Aqueous homogeneous... secs : wee sO 20 100 
New concepts-..-_- ees ‘ sibueacaeeieas 60 80 140 
Teak... ptt ae ehh . thick « abisona chin Sica 700 365 1, 065 
Generel engimesting support and facilities.....................}..2.2.2 sc ecjaad seas 645 
Tg. cra hee ees ah oo eit eee he, Me. Ba 1, 710 





Interestingly, the new 10-year plan makes no reference whatever to the possi- 
bility of a capital subsidy for private nuclear powerplants, nor does the AEC’s 
new authorization bill for fiscal year 1961 (see below). The omission appears to 
indicate that the AEC has abandoned the capital subsidy idea, which it proposed 
and defended last year before the Joint Committee (see “Search for a Formula,” 
“Memo” for April 1959). 


Timetable 


As to the time schedule for specific future projects related to various reactor 
types, the 10-year plan foresees the following: 

Pressurized water.—Design could begin in 1962 and construction in 1963-64 on 
one prototype of unspecified size, if justified by R. & D. results and operating 
experience. 

Another prototype of the “spectral shift” variation, possibly 50-100 electrical 
megawatts, could be initiated in the early 1960's if it appears promising after de- 
velopment work. (AEC described “spectral shift’ as follows: ‘Initially a high 
concentration—75 to 80 percent—of heavy water is used. As the fuel burns the 
concentration of heavy water is reduced [by addition of light water]—to about 
25 percent—in order to decrease the neutron diffusion rate which ‘increases 
reactivity and extends fuel life.) 

A utility decision to build a large plant could probably be made now on eco- 
nomic grounds in high fuel cost areas, according to the plan. 

Boiling water.—lInitiation of construction of a 20-30 electrical megawatts 
prototype geared to development of small power reactors may be indicated in 
1963-64. 

The question of whether any additional prototypes geared to large reactors 
are needed will be considered in the light of operating experience available in 
1963-64. 

A utility decision to build a large plant could probably be made now on eco- 
nomic grounds, said the plan. 

Nuclear superheat.—A 100 electrical megawatt prototype, if justified, prob- 
ably would be initiated in 1963. Cost will probably reach a competitive stage 
by 1968-69. 

Organic cooled.—A 50-100 electrical megawatt prototype may be justified in 
the middle 1960's. Costs will probably reach a competitive stage by 1965-66. 

Sodium cooled fast.—Detailed design and construction of a 100 electrical mega- 
watt fast or epithermal prototype could begin in 196¢ . Costs will probably 
reach a competitive stage by the late 1960's. 

Sodium cooled thermal.—No additional prototype will be considered until 
Hallam operating experience is available in 1963-64. No forecast is made re- 
garding competitive costs. 

Gas cooled enriched—A 100 electrical megawatt prototype of either the 
EGCR (Oak Ridge) or HTGR (Peach Bottom) type, depending on the results 
of comparative evaluation, could be initiated in the middle 1960’s. Costs will 
probably become competitive by the early 1970's. 

Heavy water.—An evaluation as to whether utility construction is justified 
on economic grounds can probably be made by 1966 or 1967. 
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Aqueous homogeneous.—The 10-year program states that a third reactor ex- 
periment could be considered in 1962—63 and should demonstrate breeding or at 
least a high conversion ratio. If this proved successful, a 50 electrical megawatt 
prototype could be initiated in the late 1960's. In presenting the program to 
the Joint Committee, however, AEC Chairman McCone omitted reference to 
future aqueous homogeneous projects in the light of the second leak recently de- 
veloped by the Homogeneous Reactor Experiment No. 2 at Oak Ridge (see item 
in “Technological News,” this “Memo”). 

New concepts 


The AEC also said that it will continue to evaluate promising new reactor 
ideas, and may build three to five new-concept reactor experiments during the 
next few years, which in turn could lead to the construction of several proto- 
types. Expenditures for the new concepts program under the 10-year plan are 
estimated at $45 million for R. & D., $80 million for prototypes and $15 million 
for miscellaneous facilities. 

As typical examples of the new reactor types or modifications now being in- 
vestigated, the AEC listed the following: Fused salt; fluidized bed; paste or 
suspended fuel; supercritical water cooled; slurry ; advanced epithermal; pebble 
bed gas cooled; solid moderated, steam cooled; and fast reactors using such 
coolants as mercury, lead, lithium and sulfur. 

The 10-year program also includes continued and in some cases increased 
efforts in the technological areas of fuels and materials, fuel reprocessing, en- 
Vironmental investigations and waste disposal, physics, reactor components and 
equipment, and reactor safety. 

While the program is aimed at competitive power and therefore tends to stress 
large central station plants, the AEC said that “this should not be construed as 
indicating a diminution of Commission interest in, or support of, a small power 
reactor program directed to achieving economically competitive nuclear power 
in plant sizes below 50 electrical megawatt.” The AEC also noted that it is 
examining its test reactor needs under the 10-year plan, including possible re- 
quirements for fast breeder fuel element test facilities, and is not neglecting 
the power-related areas of process heat, maritime and military reactors. 
Objectives 


As to the objectives underlying the 10-year program, the AEC said it still aims 
at achieving competitive nuclear power in high cost areas of the U.S. by 1968 
(i.e., 10 years from announcement of the objective in 1958), and at extending 
competitive nuclear power to wider areas through a continuing long-range 
development program. High cost fuel areas are defined to be those where fossil 
fuels presently cost 35 cents per million Btu or more. The AEC has produced 
an interesting new definition of “competitive” nuclear power—namely, the point 
when “utility executives can make a decision to build nuclear stations on the 
basis of economic considerations over the life of the reactor.” 

Maintenance of U.S. leadership in civilian nuclear power technology also still 
remains an objective. The AEC said, however, that conditions relating to two 
of the nuclear power objectives it developed in 1958 have changed substantially. 

With regard to one of these, having to do with the achievement of economic 
nuclear power abroad within five years, the AEC said: “In the last 2 years the 
increased availability of fossil fuels and the drop in their shipping costs have 
brought the time table of achieving economic nuclear power in Europe closer to 
that of the United States.” 

With regard to the other, having to do with the development of breeder re- 
actors to conserve uranium—235, the AEC said: “At the present time it is not 
possible to make an accurate prediction of the time when uranium. shortages 
and rising costs associated with such shortages will make the more efficient use 
of source material a vital factor. The ultimate importance of conservation of 
nuclear fuel, however, dictates a long-range program to develop the breeding 
potential inherent in both the uranium-—238—plutonium and the thorium— 
uranium—233 fuel cycle.” 

The AEC also pointedly stressed the need for flexibility in the 10-year program 
it outlined, noting that it must be “adjusted from year to year to take full advan- 
tage of the evolving technology.” Unlike the AEC report on reactor concept 
potentials, prepared as backup for the 10-year program and summarized by 
Reactor Development Director Frank Pittman at the forum’s annual conference 
last fall (see memo for November 1959, p. 6), the 10-year plan does not contain 
expected power costs detailed in mills per kilowatt-hour for the various concepts. 
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Reception 


Both McCone and the 10-year program (which was unanimously supported by 
the members of the Commission) were received cordially by the Joint Committee. 
Senator Anderson called the program a “milestone in Commission planning,” al- 
though he added: “I note a big gap in prototype construction with no starts from 
now until fiscal year 1962. What is going to happen to our atomic equipment in- 
dustry during this 24-year period ?” 

In his remarks opening the hearings, Senator Anderson also stated : 

“Last year you may recall there were a few misunderstandings on both sides in 
relation to your presentation. I am glad to say that our subsequent hearings 
and activities developed the most cordial relationships between the Commission, 
the Committee, and its staff. In saying this I must recognize that we had some 
disagreements on proposed atomic power projects initiated by the Joint Commit- 
tee, or in which the Joint Committee was interested, such as the Oak Ridge gas- 
cooled experimental prototype; the Puerto Rican nuclear superheat project ; the 
boiling water project in the second round; and the organic prototype in the third 
round of the power demonstration program. I am glad to say that the Com- 
mission after some consideration has proceeded with the projects as contemplated 
by the Joint Committee on Atomic Energy.” 


Industry views 


As to how the proposed AEC reactor program for the next 10 years was re- 
ceived outside the Government, the following comments were given by organiza- 
tions presenting testimony during the 202 hearings: 

Pioneer Service & Engineering Co.: “Thoughtful and well-conceived.” 

Kaiser Engineers: “ Essentially in agreement with the objectives.” 

General Electric Co.: “Cannot commend too highly the spirit and the effort 
evident.” 

Vitro Corp. of America: “There is much in the announced program which 
deserves our complete support.” 

Consolidated Edison Co. of New York: “Provides a reasonable framework for 
concentrating on certain reactor types which show promise of achieving economic 
power in a relatively short time.” 

National Rural Electric Cooperative Association: “We are somewhat shocked 
and dismayed by the proposal in that we feel the program proposal rather than 
signifying a great step forward, carries out in effect the policies of the previous 
Chairman of the Atomic Energy Commission. * * * The proposed ‘new starts’ 
by the AEC as detailed in their program report calls for, in effect, no new starts 
prior to either ‘the early 1960's’ if promising, or 1963 or 1964.” 

AFL-CIO: “Too little and too late.” 

Atomics International: “Valuable first step.” 

Edison Electric Institute: “The current program underway is substantial and 
* * * adequate.” 

American Public Power Association: “Very valuable step forward. * * * 
However, the AEC 1968 goal [for achieving competitive power] as AEC defines it 
Seems to be not so much a specific technical goal as a state of mind [and] 
appears achievable at almost any time at the will of utility executives. * * * 
The lack of any proposed new starts is most disappointing.” 


Diversification 


In addition, some of the industrial testimony proposed increased attention to 
specific reactor types, as in the following comments: 

Vitro Corp. of America: “We would urge that * * * consideration be given to 
advancing the present plan to develop thorium concepts.” 

American Radiator & Standard Sanitary Corp.: ““‘We urge that the level of re- 
search and development support for newer and theoretically promising reactor 
concepts be increased * * * Our fast breeder reactor cooled with boiling mer- 
cury * * * could operate at 1,000° F., using commercially available low alloy 
steel for fuel cladding and structures.” 

Atomics International; “It is evident from the [10-year plan] document that, 
in the opinion of the AEC, the light-water reactors will soon be salable to the 
utility industry on a competitive power cost basis. This present status of the 
light-water reactor concept is a demonstration that a sound technical approach 
can be brought to a commercial position with sufficient support. Substantially 
less support could bring other concepts to the forefront * * *. We believe it is 


timely to initiate in fiscal year 1961 the construction of a second sodium reactor 
experiment.” 
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General Dynamics Corp.: “We are * * * more optimistic as to the future of 
gas-cooled reactors than the Commission. * * *” 


APPENDIX 8 


ADVANCED TECHNOLOGY LABORATORIES, 
A DIVISION OF AMERICAN-STANDARD, 
Mountain View, Calif., March 8, 1960. 
Hon. CLintTon P. ANDERSON, 
Chairman, Joint Congressional Committee on Atomic Energy, 
Washington, D.C. 


DeaR SENATOR ANDERSON: Members of your committee requested additional 
information on our mercury-cooled breeder reactor program, following a de- 
scription given by Mr. John C. Linsenmeyer, executive vice president of our 
corporation, before the committee on February 24. We appreciate this oppor- 
tunity to present this information to you, as we consider this program of great 
promise in the achieving of the national goal of economic nuclear power. The 
following documents are enclosed in compliance with your request. 

1. A summary of the current status of the MCBR program and the potential 
of the reactor type (25 copies). 
. The evaluation report submitted to the Commission in December 1959 
(ATL—A-102) (2 copies). 
3. A proposed program for the future development of the MCBR (ATL 
P-1035) (10 copies). 
Since our appearance before your committee, we have received an answer from 
the Commission on the above-mentioned proposal. In lieu of the complete 
program as proposed, the Commission has requested us to submit a proposal to 
do a small amount of additional work covering the kinetics of this reactor 
system. It is our intention to comply with the Commission’s request, and more 
kinetics information is certainly of importance. However, as we have indi- 
eated to the Commission, we remain of the opinion that this new concept is 
sufficiently attractive to warrant planning for and initiation of a more extensive 
program; namely, one which will permit a much earlier realization of its po- 
tential. Indeed, we feel that the program we originally proposed could be 
initiated now, as it included the kinetics work suggested by the Commission 
plus those additional tasks required at this time to realize an early construction 
date. 

It is pointed out that the total cost of the development program leading to 
and including the design of a 100-electrical-megawatt prototype powerplant of 
the MCBR type is estimated to be less than $10 million. The capital cost savings 
alone realized by constructing a mercury-cooled breeder reactor in lieu of a 
sodium-cooled breeder reactor of the 100-electrical-megawatt size is considerably 
more than this figure. Thus, we feel that the development program as originally 
submitted is well worth while. 

American-Standard’s interest in this project is exemplified by its own support 
of experimental work in this area. As was pointed out during our testimony, 
we have constructed and operated small-scale heat transfer experiments which 
have already extended the technology for mercury systems by a factor of 3. 
Thus far we have found no limit experimentally to the possibilities of high 
performance from mercury systems. We have also continued our design in- 
vestigation of the MCBR system, and have concluded that a direct cycle shows 
even greater promise than the indirect cycle which was the basis for our work 
under Commission contract. 

We have made a preliminary projection of MCBR costs into the future, so as 
to compare the potential of this system with other reactor types indicated in 
the Commission’s 10-year program. The potential cost for the MCBR of 7.3 
mills per kilowatt-hour obtained under the same ground rules as the Commis- 
sion’s own estimates, compares quite favorably with the Commission’s projected 
7.5 mills per kilowatt-hour for sodium-cooled breeder plants. The cost of a 
program to realize this potential in the MCBR appears to be but a small fraction 
of that postulated by the Commission to achieve the potential of a sodium-cooled 
system. Indeed, in its own evaluation of fast breeder reactors, the Detroit 
Edison Co. concluded that a major area for potential improvement is the “‘devel- 


1 On file with the Joint Committee on Atomic Energy. 
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opment of a primary coolant that satisfies plant requirements better than 
sodium.” Mercury as a primary coolant definitely appears to satisfy plant 
requirements better than sodium, since it is far less hazardous, entails less 
equipment, gives higher thermal efficiencies, and is backed by years of existing 
plant technology. 

As was stated in the testimony, our work is based on existing materials tech- 
nology. Lack of consideration of this point has been perhaps the major cause 
of discouragement with many of the new reactor concepts on which considerable 
research and development funds have been expended to date without realizing 
the anticipated results. With such a firm basis for this new concept, we rec- 
ommend that the mercury-cooled breeder reactor form an integral part of the 
Commission’s overall program for the development of an economic fast breeder 
power system. 

If there are any questions on the enclosed material, we would be pleased to 
answer them at your convenience. 

Yours very truly, 


E. J. WILson, Jr., President. 


APPENDIX 9 
{Excerpt from American Municipal Association’s “1960 National Policy’’] 


2. ATOMIC ENERGY 


Local communities and local officials have a direct concern and interest in 
the peaceful applications of atomic energy. The developments in this field mean 
new processes, new products, and new types of industrial plants in many locali- 
ties. It also means new considerations in the operation of local government, in 
the responsibilities of local officials, and the health and safety of local people. 
Already several thousand firms and laboratories are licensed to use nuclear 
materials in some 1,500 cities and towns across the country, and the number is 
increasing. 

If local officials are to properly discharge their responsibilities for the health, 
safety, and welfare of their communities, it is necessary that they be informed 
about the developments in this field, and the specific community problems that 
result. In view of the continuing expansion in this field, it is imperative that 
local communities begin immediate preparations to deal with the impact of the 
peaceful atom on health, fire, police, planning and other activities of local 
government. We therefore resolve: 

2-1. We urge the Atomic Energy Commission and other responsible organi- 
zations including industry to sponsor and assist in the preparation of such 
specific studies as may be needed to assist local governments to adjust to the 
impact of peaceful atomic energy activities such as transportation and handling 
of nuclear materials, disposal of radioactive waste, special training of local 
personnel, and development of needed local ordinances. Further, that the re- 
sults of such studies be published and made available in guide form—suitable 
for use by local officials. 

Standards and model codes and ordinances are urgently needed to guide and 
assist in local programs. Research in this area should push ahead unabated. 
The National Committee on Radiation Protection, the American Standards As- 
sociation, and other groups should be encouraged to accelerate their efforts. 
The Federal Government, professional and industry groups should provide all 
possible assistance. 

2-2. When atomic energy licenses are issued, prompt notice should be given 
to the communities in which the licensees are to operate. At present, although 
the locality may be the first to get the impact, it is often the last to know. Delay 
may be dangerous by causing neglect of essential local protective measures. 
It may be necessary for the AEC to notify communities directly in order to 
assure prompt local notification. 

2-3. Member municipalities are urged to pass an ordinance requiring those 
who handle and use atomic or radioactive materials in the community, to register 
same with local government and that a specific local officer be designated for 
that purpose. Cities are also urged to consider setting up of proper facilities 
to monitor the radioactive conditions in the atmosphere, water supply and 
general environment. 
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2-4. A central clearinghouse of information on the local impact is urgently 
needed. At present it is necessary for local officials to make requests to many 
different ottices in order to find out what information is available on such basic 
matters as standards, training, aand the like. Then, the information is often 
incomplete. A central clearinghouse of information in this field should be set 
up on a national basis at the earliest possible time, and its location should be 
publicized. 

2-5. Training is a critical factor in local programs. Prompt effort should 
be made to build a reservoir of health and engineering personnel with a back- 
ground in radiation use and protection. This is a long range objective, and will 
require the cooperation of all levels of government, educational institutions and 
other groups. Meanwhile. special programs are needed to provide existing local 
personnel with necessary training. The Federal Government should quickly 
provide assistance and financial support to stimulate efforts under Public Law 
86--373. 


ATOMIC ENERGY AND PUBLIC HEALTH 


2-6. Important in the consideration of the development of new and chal- 
lenging applications of atomic energy is the need to safeguard all persons from 
the dangers of ionizing radiation. The association believes the establishment 
of a Federal Radiation Council to be a salutory move toward the much needed 
coordination of Federal agencies involved in this complex problem. The associa- 
tion views with some apprehension the continuation of a situation where no 
single Federal agency is delegated sole responsibility for the protection of the 
public’s health from the harmful effect of ionizing radiation. In future delega- 
tion of authority and responsibility from the Atomic Energy Commission to 
State governments, as authorized by Public Law 86-373, the AMA urges that 
cognizance be made of the important role to be played by municipalities and 
that procedures be established whereby these municipalities can and will be 
involved in all plans and operations which may affect them. 


Apprenpix 10 


U.S. DEPARTMENT OF COMMERCE ATOMIC ENERGY COMMISSION 
FREDERICK H. MUELLER, Secretary JOHN A. McCone, Chairman 
BUREAU OF THE CENSUS 
Rosert W. Burcess, Director 


FACTS FOR INDUSTRY 
For release: January 8, 1960 Series : M388Q-08 


ATOMIC ENERGY PRODUCTS, 1958 * 


During 1958, shipments to U.S. Government agencies, to export, and to others, 
of selected key atomic energy products manufactured in privately owned estab- 
lishments totaled $148.9 million. This represents an increase of 55 percent above 
the total value of shipments of these products in 1957. Included in 1958 ship- 
ments are $24.2 million of radiation detection and monitoring devices, an increase 
of 38 percent over 1957; reactor vessels and tanks valued at $17.1 million, an 
increase of 54 percent above 1957; accessory instrumentation for reactor con- 
trol valued at $15.3 million, an increase of 58 percent above 1957; complete 
reactor fuel elements shipped directly for installation or use in a reactor, valued 
at $23.9 million, an increase of 115 percent above 1957; and heat exchangers, 
valves, and pumps uniquely designed for nuclear applications, valued at $13.8 
million, $11.4 million, and $9.5 million respectively, representing respective in- 
creases of 66 percent, 44 percent, and 51 percent over 1957. Shipments of nu- 
clear reactors completely assembled at the place of manufacture, valued at $1.2 
million, declined 60 percent below 1957 shipments. 

Also included are shipments data for the following products specifically de- 
signed for use in nuclear applications: accelerators and accelerator parts; re 
actor control rod drive mechanisms; pressurizers; partially fabricated fuel 
materials not shipped directly for installation or use in a reactor; core struc- 


1 Prepared by the Bureau of the Census, Industry Division, Machinery and Equipment. 
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turals; hot laboratory equipment; radioactive isotopes (shipped from plants 
producing isotopes) ; radiation sources and other radioactive materials (pro- 
duced from purchased isotopes) ; control and measuring devices containing radio- 
active isotopes ; commercial radiation service; and enriched uranium metal and 
compounds. 

The data in this publication are based on reports received on Form MA-38Q; 
Atomic Energy Products Shipments Report for 1958. This survey is jointly 
sponsored by the Bureau of the Census and the Atomic Energy Commission. 
Data were included from all known manufacturers of selected products specific- 
ally designed for use in nuclear applications. Excluded are construction ex- 
penditures, engineering and design costs, research and development expendi- 
tures, as well as shipments data for products used in atomic energy work which 


are not especially designed for nuclear applications. 
Any inquiries concerning these data should be addressed to the Bureau of the 
Census, Industry Division, Washington, D.C. 
This publication was prepared in the Industry Division under the supervision 
of Clarence H. Olsen, Chief, Metals, Machinery and Equipment Branch, by 


Evelyn W. Colburn. 


Shipments of atomic energy products, 1958 and 1957 


[In thousands] 


Value of shipments 
































1958 1957 
Product OE SS Fs 
| 
U.S. Gov-| Other, U.S. Gov-| Other, 
Total ernment |including| Total | ernment | including 
| agencies | export | agencies | export 
| 
Total !.__. | $148, 932 XXX Xxx | ? $96, 070 Xxx Xxx 
Nuclear reactors : 1, 156 ae $1, 156 22, 997 ©) () 
Accelerators and accelerator parts- 45 (3) (3) (4) ) (4) 
Reactor components and equipment: 
Reactor vessels and tanks__. 17, 099 $13, 325 3,774 | 211,145 | 2 $10, 295 $850 
Reactor control rod drive mechanisms 7, 481 6, 969 512 | 1, 263 722 541 
Accessory instrumentation for reactor | 
control___- 15, 284 12, 326 2, 958 29, 953 2 6,771 2 3, 182 
Heat exchangers 13, 799 | 7, 358 6, 441 8, 284 7, 925 359 
Pressurizers._. 1,758} (3) (3) (2) (2) () 
Pumps acd 9, 516 7, 861 1, 655 26, 291 2 5, 599 | 692 
Valves_. 3 a ont 11, 401 7, 695 | 3, 706 2 7, 876 6, 201 21, 675 
Complete reactor fuel elements ship- | 
ped directly for installation or use | | 
in a reactor | 23,873 | 21,218 2,655 | 211,057 | 210, 629 | 428 
Partially fabricated duel materials | | 
not shipped directly for installation | | 
or use in a reactor___ ce aa ae 5, 742 | 3, 358 2,384 | 24,985 (3) (’) 
Core structurals (barrels, cans, boxes, | | | | 
plates, etc., not included above) 3, 908 1,545 | 2,363] 21,185 | 2 991 2194 
Hot laboratory equipment 3, 886 | 2, 900 | 986 | 4, 761 | 2, 540 2, 221 
Radiation detection and monitoring de- | } | 
vices: | | 
Radiation survey, monitoring, and ] | 
control devices 13, 846 &, 699 5,147 |? 17,471 8, 422 9, 049 
Radiation counting equipment 10, 387 | 2, 661 | 7, 726 | 
Radioactive isotopes shipped from plants | | | 
producing isotopes 171 eS ft eo | 73) (3) 
Radiation sources and other radioactive | 
materials produced from purchased | | 
isotopes._- 3, 071 403 | 2, 668 | 2, 722 | 418 2, 304 
Control and measuring devises contain- | | 
ing radioactive isotopes 4, 909 372; 4537; 6007; (@) | (% 
Commercial irradiation service-_-- or) RS fT ae ss Ge on ee 
Enriched uranium metal and compound -| 1, 503 | 199 | 1, 304 | (5) 0) (5) 





' 





1 For 1958, about $13,000,000 of shipments of ‘‘other specialized reactor components,”’ which include such 
products as fuel-handling equipment, shields and shielding assemblies, specialized piping and fittings, etc., 
were reported. For 1957 about $4,000,000 of shipments of these products were reported. These shipments 
have not been included in the totals since the coverage of the residual items reported for 1958 and the extent 
of their comparability with those reported for 1957 is not known. 

? Revised. 

3 Withheld to avoid disclosing figures for individual companies. 

‘In 1957, included with ‘‘other specialized reactor components.” 


See footnote 1. 
5 Not available. 








APPENDIX 11 
THE AVAILABILITY OF URANIUM FOR A 
NUCLEAR POWER INDUSTRY 
by 


R. A. Laubenstein 
C. Starr 


ATOMICS INTERNATIONAL 


a division of North American Aviation, Inc. 


ISSUED: FEBRUARY 15, 1960 





DEVELOPMENT OF THE ATOMIC ENERGY INDUSTRY 


ABSTRACT 


A study of the economically available resources of uranium in the U.S.A. and 
in the world indicates that these resources will increase rapidly as the price of 
uranium ore is increased. At present ore prices, available uranium in the U.S. A 
should be sufficient to maintain the nuclear power indusiry in this country until the 
year 2005. If the U.S.A. were considered as an isolated producer and consumer 
of uranium, an increase in price of U,O, to $23 per pound would be required to 
make sufficient uranium available until the year 2050, assuming no advance in 
nuclear technology. This increase in ore cost would increase the fuel cycle cost 
by only 0.5 mill per kwh. Predictable improvements in reactor technology, such 
as improvements in conversion ratio, could easily compensate for this increase in 
the cost of natural uranium. These improvements would also increase the amount 
of energy available per ton of natural uranium, although this increase has not been 
included in the above 

On a world-wide basis, sufficient uranium should be available from known 
economical reserves to support the nuclear power industry until at least the year 
2050 with no increase in the price of uranium beyond the present range of prices 

These general conclusions are reached if the reactor type assumed for nuclear 
power generation has characteristics similar to a high-temperature, high-specific- 
power system. For a low-temperature, low-specific-power system, similar conclu- 
sions on a partially-reduced time scale would result. The high-temperature, 
high-specific-power system, which was used as the reference design for this paper, 
will yield more electric energy per ton of uranium and will be less sensitive to 
possible increases in its price 

The study indicates that there is appreciable incentive to the development of 
high-temperature, high-specific-power reactors (such as the liquid metal cooled) as 
compared with the low-temperature, low-specific-power types (water or organic 
cooled). For example, present fuel costs for the low T. and S.P. reactors with U,O, 
at $10 per lb are equivalent to the costs for the high T. and S.P. reactors with 
U,O, at $26 per lb. Such an increase in permissible ore cost would increase uranium 
resources by a factor of six. 

A large increase in the energy obtained per ton of natural uranium could result 
from the development of a system for burning plutonium with a reasonably high 
conversion ratio, such as plutonium recycle or a plutonium fast reactor. The advent 
of the plutonium breeder (conversion ratio greater than 1) would permit the opti- 
mum utilization of the world’s potential uranium resources. 
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1. INTRODUCTION 


This paper is a study of the relations between the 
availability of uranium as a raw material, the world 
need for energy, and the nuclear performance of 
reactors. Particular attention has been given to the 
effect of uranium price on the availability of uranium 
and on power cost in order to determine under what 


conditions it x economic to utilize some of the 





lower grade ores 





The parallel subject of the availability and utiliza- 
ti f thorium is not discussed in this paper, but 
will be the subject of future study. Consideration of 
thorium should not alter the conclusions of the present 

The analysis begins with a survey of the reserves 


and resources of uranium in the U. S. A. and in the 
world. This survey is contained in Section II. Pre- 


dictions of the future energy requirements and the 
fraction of these requirements which will be supplied 
by nuclear energy are contained in Section III. These 
predict yf future nuclear energy generation are 





combined with reactor characteristics in Section IV 
to give predictions of the future requirements for 
uranium. A comparison of the reserves and resources 
of fossil fuels to those of nuclear fuels is contained in 
Section V. The effect of increases in the price of 
uranium on fuel cycle economics is discussed in Sec- 
tion VI. Changes in nuclear parameters, such as con- 
version ratio, are discussed in order to show the 
influence of improved reactor characteristics on the 
utilization of uranium and on fuel cycle ecomomics 


In the discussion of costs, only those costs were 
varied which are directly related to the price of ura- 
nium. Fuel fabrication and chemical processing costs 
were assumed to be fixed and not to vary as reactor 
characteristics vary. Present technology may be more 
pessimistic than this; for example, the fuel fabrication 
and processing charges for fast breeder reactors tend 
to be higher than for other types. However, as tech- 
nology advances, these differences should become less 
important. For similar reasons, capital costs and 
maintenance costs have not been included in the study 


ll. HOW MUCH URANIUM WILL BE AVAILABLE? 


A. WHAT ARE URANIUM RESOURCES? 


The quantity of uranium which can be economically 
recovered from the earth in the future can be referred 
to aS uranium resources. Resources are defined as 
In the U. S. A., estimates 
of uranium reserves are published by the AEC, but 


reserves plus potential ore 


information on uranium resources is not readily avail- 
able. It is the resources which should be used as the 
basis for predictions of the availability of uranium 
in the long term future 


Uranium is widely distributed in the earth’s crust 
with an average concentration of about 4 parts per 
There are, however, ore bodies 
which contain various concentrations and quantities 
of uranium, and from which uranium can be recovered 
for various costs. Thus, the resources of uranium will 
depend on the price for which uranium can be sold 
As the price of uranium increases, the resources will 


million by weight 


increase 


An upper limit for uranium resources can be taken 
as the total amount of uranium available in the earth’s 
crust. This quantity of uranium will be called the 
resource base’ and will be a fixed quantity regardless 
of the price 


B. URANIUM RESOURCES IN THE U.S.A 


Estimates of the domestic reserves of uranium 
which have been published by the AEC are shown in 
Figure 1. These reserves include only ore which is 
economically recoverable at present prices. The esti- 
mates are probably conservative, since they are 
obtained from data on ore bodies which are used 
as the basis for negotiation of uranium milling con- 
tracts. Present reserves of U,O, in the U. S. A. are 
estimated at about 250,000 tons 


A significant feature of the growth of the reserves 
in this country is the rapid decrease in the rate of 
growth around 1956. This corresponds with the time 
that the AEC indicated that it did not want to enter 
into new contracts for the purchase of uranium 
thereby removing most of the incentives for prospect- 
ing for the ore. It would be expected that if the 
incentives again existed, these reserves would increase 
substantially 


Also shown in Figure | is the yearly procurement 
of U,O,. by the AEC from domestic sources. The 
yearly procurement has been steadily increasing for 
the past 10 years, but is expected to level off at about 
20,000 tons per year. Present domestic reserves are 
sufficient to maintain the current domestic production 
rate for about 14 years 
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Figure 1. Domestic Uranium Reserves and AEC 


Procurement from Domestic Sources 


Another example of the increase in reserves when 
there is an economic incentive for exploration is the 
growth in petroleum reserves. Figure 2 shows the 
growth in the annual world production and the world 
reserves’ of petroleum. The reserves remained at 15 
to 20 times the annual production during the period 
1920 to 1950. Total world resources of petroleum 
have been estimated by Ayres * to be about 185,000 
million metric tons, which would be a 250-year supply 
at the 1955 production rate. These estimated resources 
are about 17 times the reserves in 1950 


The ultimate availability of uranium will depend 
on the price which can be obtained for uranium. In 
the U. S. A., for example, there is an estimated 5 to 
6 million tons of U,O, in the Chattanooga shale 
deposits, which can be recovered at a cost of $40 to 
$50 per Ib.’ An additional 800,000 tons of U,O 
could be recovered from phosphate rocks in the 
U. S. A. at a similar price with no allowance for 
recovery of by-product materials. The exact form 
of the relationship between availability and price is 
not known, but it can be assumed that the function 
which relates these variables is continuous and can 
be approximated by a straight line on a log-log scale 
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Figure 2. World Production and Reserves 


of Petroleum 


Present domestic production costs are about $8 to 
$10 per pound of U,O,, and the present reserves at 
this price are about 250,000 tons. The Chattanooga 
shale and phosphate rock deposits will thus increase 
the reserves by a factor of about 25, if the price is 
increased by a factor of 6. This relationship is con- 
sistent with a prediction by J. Sornein® that if the price 
is multiplied by 3, the reserves will increase by a 
factor of 10. These data are plotted in Figure 3, where 
the point labeled | is the present AEC published 
reserves and the point labeled 2 represents the 
Chattanooga shale and phosphate rock deposits 


The possibility of obtaining uranium from igneous 
rocks, which compose most of the earth’s crust, has 
been investigated by Brown and Silver.’ Their experi- 
ments indicate that the uranium which is readily 
recoverable averages about 0.85 parts per million, 
and the cost of recovery is equivalent to $650 to 
$1400 per pound of U,O.. The total recoverable 
uranium which would be found under the continental 
U. S. A. to a depth of two miles is 6 © 10" tons; 
this is plotted as point 3 in Figure 3. If it is assumed 
that only 10 percent of this uranium can be recovered 
and that the higher cost estimate applies, then point 
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4 in Figure 3 is obtained. It is coincidental that points 
1, 2, and 4 in Figure 3 fall on a straight line. However, 
this line establishes a relation between the price of 
U,O, and the resources of U,O, in the U. S. A. which 
is based on known reserves, and hence can be con- 
sidered as conservative or pessimistic in regard to the 
quantity of uranium available. The slope of the line 
is such that the uranium reserves are proportional to 
the square of the price 
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Figure 3. Uranium Reserves and Resources 
in the U.S.A 


Point 5 in Figure 3 is an optimistic estimate of the 
uranium resources in the U. S. A. which could be 
obtained at a price of $10 per pound of U,O, or less 
It was assumed for this point that the present reserves 
could be increased by a factor of four by new dis- 
coveries and by extension of present reserves. It was 
also assumed that the estimated 0.8 million tons of 
U,O,. recoverable from phosphate rocks could be 
recovered as a by-product material at about $10 per 
pound and can be considered as reserves. The total 
optimistic resources in the U. S. at $10 per pound are 
thus about 1.8 million tons 


A realistic estimate of uranium resources as a func- 
tion of price is difficult to make. A compromise 
between the optimistic and the pessimistic estimates 
discussed above might be considered such a realistic 
estimate. The line in Figure 3 which is labeled as 
realistic was based on the assumption that the 
resources would be only twice the present reserves 


Point 6 on Figure 3, which is the starting point for 
the realistic curve, corresponds to a reserve of 0.5 
million tons of U,O, at a price of $8 per pound 


Based on past experience with the growth of ura- 
nium reserves and reserves of oil or other minerals, 
the present realistic estimates will appear in the future 
to have been very pessimistic. Thus, it is confidently 
expected that the uranium resources will be at least 
as large as the realistic estimates 
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C. URANIUM RESOURCES IN THE WORLD 


Uranium resources for the world are somewhat 
more uncertain than those for the U. S. A. The known 
economic reserves in the free world are about | mil- 
lion tons of U,O,.‘ Estimates of resources which 
would be available at present prices are about 4 
million tons,’ based on a probable extension of present 
reserves and the location of new ore bodies. The total 
land area in the world, exclusive of the Antarctic and 
Greenland, is about 18 times the area of the U.S.A 
If this factor of 18 is applied to the realistic estimate 
of 0.5 million tons of economical resources in the 
U.S., then the world resources at present prices should 
be about 9 million tons. The 9 million ton figure for 
the total world is consistent with the 4 million ton 
estimate for the free world when one considers the 
uranium in communist countries and in areas of the 
free world that have not yet been prospected. Thus, 
it will be assumed that the uranium resources in the 
world can be represented by a curve similar to that 
in Figure 3, where the world resources are 18 times 


the realistic U.S. resources for any given price 


Many estimates of the world uranium reserves 
appear to be very pessimistic when these estimates 
are considered as resources rather than reserves. For 
example, Putman* estimates the reserves recoverable 
at a price up to $100 per pound to be about 25 million 
tons and Weinberg’ quotes the reserves recoverable 
at $30 to $50 per pound to be 20 million tons. These 
prices are sufficient to enable economic recovery of 
uranium from low grade bituminous shale and phos- 
phate rock deposits. J. C. Johnson has written 
“Low-grade bituminous shale and phosphate deposits 
contain from '\w to 's of a pound of uranium per ton 
and, considering only the larger of the world’s known 


deposits, represent a uranium reserve of more than | 


20,000,000 tons.” In view of the latter statement 
it would appear that the world resources in the price 
range discussed are many times 20 million tons. The 
resources at a price of $40 per pound of UO, which 
are obtained from the curve assumed for the present | 
paper (Figure 3) would be about 240 million tons | 
The ratio of uranium resources to reserves in this 

price range is thus less than 12 compared to an 

estimated ratio for world oil resources-to-reserves of | 
about 17. Thus, the present estimate of 240 milliot | 
tons for the uranium resources in the $40 per pound | 
price range appears reasonable in relation to th! 
information presently available. 


I 

The estimates in the present paper are based o 

current technology for the recovery of uranium. Futur | 

developments in the mining or recovery of uranium | 
from the ore may decrease the cost of uranium. 
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ill. PREDICTION OF NUCLEAR ENERGY PRODUCTION 


A AN ACCURATE PREDICTIONS OF NUCLEAR 
FUEL REQUIREMENTS BE MADE 


Predictions of future nuclear energy ’ ton 
ect to uncertainties in the future total d 
energy and in the relative position which nucle 
power will achieve among the various sources 0 
energy. An example of the hazard of predicting the 


future utilization of a specitic type of energy is shown 


by the energy equivalence of the annual world con 
ption of coal,” which is shown in Figure 4. From 
860 until 1913, the energy equivalence of the world 


coal production increased at a rate which was very 








lose to an exponential, with a doubling time of 
A prediction made before 1913 probably would 
have estimated the energy equivalence of the world 
‘ roduction in 1947 to be about 135 10° Bt 
whereas the actual production in 1947 was about 
third of this amount. Extrapolation of other data 


production on a tonnage basis’” leads to an 


r of about a factor of four between the actual 
1 predicted 1947 coal production 


Figure 4 also shows the total annual input to the 


\ nergy system and the input from commercial 
s of energy. In addition to coal, the commercial 
energy sources include oil, gas, hydro-power, and 


gnite. The total energy input includes wood, dung 
ind farm wastes in addition to the commercial source 
f energy. Coal production has increased by a 
relatively small amount since 1913, in spite of an 
increasing total demand for energy that doubles in 
ibout 32 years. Most of the increased energy demand 


since 1913 has come from oil and gas, which have 


become strong competitors with coal. Prior to 1913 


the rate of increase in annual coal production was 


greater than the rate of increase in the total energy 


1and because coal displaced firewood as a principal 


uree 


Uranium as a fuel material could develop a usage 


similar to 





that for coal, with fusion power pos- 
y limiting the future consumption of fissionable 
and fertile materials. Other types of usage curves 
could of course evolve. The future consumption will 


depend on many technical and economic factors whict 


can not be predicted at this time. Therefore, it would 
appear most reasonable to base future predictions on 
present day technology or on relatively small exten- 
sions of this technology. In this paper, predictions 
will be projected to the year 2050. Thus, if the tech 
nology improves between now and 2050, as can 
reasonably be expected, the predictions made in 
this paper will most certainly prove to have been 
pessimistic 


52950 O—60 43 





Or —— + ~ —— r - 
. Aa MMERCIA 
ENERGY 
> —- + -—- — —~ 
™ A 
2 
a 
y 
+ + 4 
- + + + + + 
— ae 4 + 4 
a6 8a 9 4 ¢ 


Figure 4. Annual Inputs to World 


Enerey Svstem 


B. WORLD PRODUCTION OF NUCLEAR ENERGY 


In the future, nuclear energy will probably be used 
principally for the production of electrical energy 
Predictions of nuclear energy production will there- 
fore be based on a fraction of the total predicted 
electrical energy production. It will be assumed that 
military applications such as nuclear submarines will 
become a relatively small part of the total nuclear 
energy production and that nuclear process heat will 
also contribute only a small amount to the use of 
nuclear fuels 


Robinson and Daniel'' found that a smoothed curve 
of the annual world production of electricity could 
be approximated very well by the equation 

E = 1130 X 10°[(t — 1875)/77] 
where E is the annual electrical energy production in 
kwh and t is the year. This equation is represented 
in Figure 5 by the curve labeled “world total” and 
appears to be a good relation to use for the prediction 
of future electrical energy production. For the year 
2000, the equation gives an energy production of 
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9,000 < 10° kwh. Putman‘ estimates an installed elec- 
trical capacity of 1800 X 10° kw by 2000. If an equiv- 
alent full-power operating time of 5000 hours per 
year is assumed, then the Putman estimate is equiva- 
lent to the estimate obtained by the equation 


The above equation gives a rate of increase of the 
annual world electrical energy production from 1950 
to 1960 which is equivalent to a doubling time of 
about 13 years. However, it is expected that this 
doubling time will increase with time since the dou- 
bling time for the total world demand for energy is 
about 32 years. At some time in the future it is reason- 
able to expect that the doubling time for the total 
world demand for energy will equal the doubling time 
for the electrical energy generation. According to the 
above equation, this condition is not yet reached by 
the year 2050, since the increase in total annual 
electrical energy production between the years 2040 
and 2050 is equivalent to a doubling time of about 
24 years 


It is reasonable to expect that as the development 
of nuclear power plants continues, an increasing 
fraction of the new plants which are constructed will 
be nuclear plants. The projected nuclear energy pro 
duction shown on Figure 5 is based on this assump- 
tion. It is assumed that during the year 1970, 10 





10° KWH PER YEAR 





YEAR 


Figure 5. Predictions of Annual Electrical 
Energy Production. 
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percent of the world electrical energy produced by 
new plants completed in the previous year will be 
produced by nuclear energy. During each succeeding 
year, it is assumed that the fraction of the new capacity 
which is nuclear will increase by | percent until the 
year 2010, at which time half of all new capacity 
constructed will be nuclear. New capacity was calcu. 
lated on the basis of additional capacity for growth 
plus new capacity for replacement of worn-out plants 
(based on a 30-year plant life). After the year 2010 
it is assumed that 50 percent of the new plants con- 
structed will continue to be nuclear. As a starting 
point for the projection of nuclear capacity, it is 
assumed that during 1965, 42 < 10°kwh of nuclear 
electrical energy will be generated, based on an esti- 
mated capacity of 8.5 X 10° kw. This capacity would 
be distributed as follows: UK, 4 < 10°kw; U.S.A 
1.5 X 10° kw; and other countries, 3 X 10° kw 


Many predictions of nuclear electrical energy gen- 
eration in future years are based on a larger fraction 
of the total electrical energy being supplied by a 
nuclear source. The present estimates indicate that 
53 percent of the electrical energy will be produced 
by nuclear sources during the year 2050. It is likely 
that about 10 percent of the electrical energy at this 
time will be supplied by hydro-plants. There is n 
indication that there will be a shortage of coal by 
this date on a world basis, although coal may be 
relatively costly in certain areas, as it is today. The 
possible introduction of the fuel cell as a source of 
electrical energy on a large scale may also improve 
the competitive position of fossil fuels in relation t 
nuclear energy 


C. PRODUCTION OF NUCLEAR ENERGY IN THE US 


Of the annual electrical energy produced in the 
world, the fraction which is generated in the U.S. A 
has increased from about 34 percent in 1940 to 4 
percent in 1953. Thus, predictions of the future elec 
trical energy production in the U. S. A. which ar 
based on extrapolation of production in recent year 
have a tendency to intersect and cross over other 
predictions of total world production. A contributing 
factor to the recent high rate of expansion of electrica 
energy production in the U. S. A. is the atomic energ 
program. In 1956, the AEC purchased 58.5 x II 
kwh of electrical energy, which was 8.5 percent 0 
the total U. S. electrical energy production of 68 

10" kwh in that year 


Figure 5 shows a prediction of the future annua 
electrical energy generation in the U. S. A., based on 
a progressively smaller percentage of the total worl 
generation. For the purposes of this prediction, it i 
assumed that the electrical energy produced in th 
U. S. A. in 1960 is 42 percent of the world total and 
that the percentage produced in the U. S. decreases 
by 1, each S years thereafter. In the year 2050, there: 
fore, 24 percent of the total world electrical energ) 
would be produced in the U.S. A 
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The nuclear electrical production in the U. S. A. is 
estimated from the total U. S. electrical energy pro 
duction in almost the same manner that the world 
nuclear energy production is estimated from the total 
world electrical energy production. The difference is 
that the fractional nuclear electrical capacity of the 
new plants constructed each year increases at the rate 
of | percent per year until 2035, at which time 75 
percent of the new capacity would be nuclear. In the 
year 2050, then, according to the above assumed 
growth rates, 77 percent of the electrical power gen- 
eration in the U. S. A. would have a nuclear source 


As a starting point for the growth of nuclear energy 
in the U. S. A., it was assumed that in the year 1965, 
7.5 * 10° kwh of electrical energy would be generated 
from nuclear sources. This assumption is based on a 
1.5 *« 10°kw capacity and a 5000 hour-per-year- 
average operating time per nuclear plant 


D. COMPARISON WITH OTHER ESTIMATES 
OF NUCLEAR ENERGY PRODUCTION 


Figure 6 shows a comparison of various predictions 


of the annual total electrical and the annual nuclear 
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Figure 6. Comparison of Predictions of Annual 
Electrical Energy Production 
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electrical energy production in the U. S. A. The equa- 
tion discussed above for the annual world total elec- 
trical energy production is also shown in Figure 6 
for comparison 


The prediction of the annual total electrical energy 
production in the U. S. A. which is made in the present 
paper is shown on Figure 6 to be between predictions 
made by the Federal Power Commission and by 
Putman, and is in good agreement with both of these 
The predictions of the present paper extend much 
further into the future than these other predictions, 
however. Other references shown on Figure 6 predict 
the U.S. electrical energy production to be 50 per 
cent or more of the predicted total world electrical 
energy production. It should be expected that in the 
future the U.S. A. will produce a decreasing portion 
of the total world electrical energy 





In some of the references, only the net installed 
electrical capacity was predicted rather than the 
annual energy production. In order to show these 
data on Figure 6, an average equivalent full-power 
operating time of 5000 hours per year was assumed 


(Solid lines are annual total electrical energy production and 
dashed lines are annual nuclear electrical energy production 
An equivalent full-power operating time of 5000 hours per 


year was assumed. ) 
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. 3 Statement of Philip Sporn before the 
Subcommittee on Automation and 
Energy Resources, Joint Economic 
Committee, Oct 12, 1959 
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Future, (New York: D. Van Nostrand 
Co., Inc., 1953) 
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ments in the United States.” page 245 
W. K. Davis, L. H. Roddis, and ¢ 
Goodman, “Power Reactors—The 
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IV. URANIUM REQUIREMENTS 


A. REQUIREMENT BASED ON A GIVEN 
REACTOR TYPE 


Uranium requirements can be calculated directly 
from the predictions of nuclear electrical generation, 
if the characteristics of the average nuclear power 
station are known. The converter reactor types now 
under development can be divided into two general 
classes according to the characteristics which affect 
uranium requirements and fuel cycle costs. First, 
there are reactors which operate at relatively high 
coolant outlet temperatures and high specific powers 
These reactor plants have relatively high thermal 
efficiencies and low fuel inventories. This class will 
be called high T. and S. P. (Temperature and Specific 
Power). Second, there are reactors which operate at 
relatively low coolant outlet temperatures and low 
specific powers. These reactor plants have relatively 
low thermal efficiencies and high fuel inventories 
This second class will be referred to as low T. and 
S. P. Reactors which fit into the first class are the 
liquid-metal-cooled reactors, of which the Sodium 
Graphite Reactor will be used as an example. Reactors 
which fit into the second class include the water- 
and the organic-cooled designs. The organic-cooled 
reactor’? will be used as a typical example of reactor 
in the low T. and S. P. class. Characteristics which 
relate to the uranium requirements for each of these 
reactor types are given in Table | 


TABLE | 


Characteristics of Reactor Types Which Relate to the 
Uranium Requirements and Uranium Burnup Costs 


Initial Fuel Enrichment, % U 


Average Enrichment of 
Discharged Fuel, %/ U* 


Plutonium Content of Discharged 
Fuel, gm/kg U 
Initial Conversion Ratio 


Average Fuel Burnup, 
Mwd/MTU 


Net Plant Efficiency, % 


In-Core Uranium Inventory, 
kg/Mwe 


For the present calculation of uranium require- 
ments, it will be assumed that future nuclear electrical 
plants have characteristics similar to the High T. and 
S. P. class. The Sodium Graphite Design used to 
obtain the data in Table I represents some extension 


in technology over the Hallam reactor, which is now 
under construction, particularly in the proposed use 
of uranium carbide fuel material which will enable 
operation at a higher specific power. However, it is 
believed that the numbers used represent a feasible 
extension in technology of a relatively few years in 
time 


If 1 percent total loss in processing of the dis- 
charged fuel elements is assumed, then the discharged 
fuel material from | kg of fuel loaded into the reactor 
could be re-enriched in the gaseous diffusion plant 
to produce 0.377 kg uranium with the correct loading 
enrichment of 2.5 percent. An additional 0.623 kg of 
2.5 percent enriched uranium would be required to 
provide a new reactor loading of | kg, and this 
additional material would require 2.88 kg of natural 
uranium to manufacture. Thus, an energy of 15,00 
Mwd(th) can be obtained from 2.88 metric tons of 
natural uranium without taking credit for the pluto- 
nium which is recovered from the discharged fuel 
This plutonium recovered could be burned to produce 
about 3800 Mwd(th) per metric ton of fuel loaded 
into the reactor, if this plutonium were used in a 
burner to obtain | Mwd per 1.48 gm of plutonium 
With credit for plutonium, the equivalent burnup is 
6520 Mwd(th)/MT of natural U. Assuming the 
thermal efficiency given above, | short ton of natural 
UO, will produce 51.3 < 10° kwh of electricity. 


Requirements for uranium inventory are based 
on an assumption of an equivalent full-power operat- 
ing time of 5000 hours per year for the average 
nuclear plant. Present plans for operation of nuclear 
plants are as base load plants, but it is not reasonable 
to expect that all nuclear plants can be operated as 
base load when the nuclear plants reach a significant 
fraction of the total capacity. Approximately 500 
hours is the average equivalent full-power operating 
time per year for the central station electrical capacity 
in the U. S. today. The trend in the utility industry i 
to smooth out load peaks, and future plants may 
have a somewhat larger operating time per year. The 
total uranium inventory was assumed to be the in-cor 
inventory plus the average quantity of fuel loaded 
into the reactor each year. This assumption allows 
for an ex-core inventory equivalent to a one-yeat 
holdup of fuel in fabrication, processing, and spares 
On the basis of these assumptions, the electrica 
capacity needed to produce 10°kwh in one year 
requires an inventory of 116 tons of natural U,O, 


Figure 7 shows the uranium requirements for the 
nuclear electrical energy production in the world and 
the U. S. A., based on the above assumptions 0 
reactor performance and on the predictions of nuclear 
electrical energy production shown in Figure 5. Th 
data on uranium requirements indicate that the ur 
nium available in the U. S. A. at present prices wi 
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support the projected nuclear electrical industry in 
this country until the year 2005, and the uranium 
available in the world at present prices will support 
he projected nuclear electrical industry in the world 
unul the year 2038. The total uranium requirement 
for the nuclear electrical industry in the U. S. A. until 
he year 2( 7 million tons of U.O 

Based on the uranium resource predictions illustrated 
in Figure 3, this quantity of uranium would be avail- 
able at a price of $23 per pound, assuming no imports 
World requirements to the year 2050 are predicted as 
only 1.55 times the world availability at present prices; 
hence, very little price increase would be required to 
provide the necessary supply. If the present price is 
taken as $8 per pound of U.QO,, an increase of only 
about $1.50 per pound to $9.50 per pound would 
be sufficient to provide a world supply to the year 


7050 


SO ts predicted as 4 


EFFECT OF REACTOR DESIGN PARAMETERS 
ON URANIUM REQUIREMENTS 


The uranium requirements given above are based 
yn a reactor design which represents relatively small 
extensions of present technology. Thus, there is an 
element of pessimism in the estimates, since they 


U,9, 
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Figure 7. Uranium Requirements for 


Nuclear Energy 
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do not allow for future improvements in reactor per- 
formance. For example, an improvement in the initial 
conversion ratio from the value of O.S1 assumed 
above will improve the energy obtained per ton 
of natural uranium and will decrease the uranium 
requirements. Increasing the fuel burnup in the reactor 
will also improve the utilization of natural uranium 
Figure 8 shows the effect of conversion ratio and of 
burnup of fuel in the reactor on the equivalent burnup 
of natural uranium in a sodium graphite reactor. Data 
in this figure are based on an enrichment of 0.22 per- 
cent for the waste from the diffusion plant used to 
enrich the uranium. If the conversion ratio could be 
increased to 0.70 and the average fuel burnup could 
be increased to 22,000 Mwd/ MT, the energy obtained 
from one ton of natural uranium would be increased 
by more than one-third. These extensions of reactor 
technology appear to be reasonable goals for the 
next few decades and, if accomplished, would pro- 
long the time before an increase in the price of natural 
uranium would be necessary 


Other improvements in reactor characteristics could 
also decrease the uranium requirements. These include 
an improvement in the specific power and in the net 
plant efficiency. However, in order to achieve a larg 
increase in the energy obtained from | ton of natural 
uranium, it appears that a more efficient method of 
using the plutonium produced is required. A fa 
plutonium breeder could accomplish this objective 
but relatively large increases in the energy fron 
natural uranium could be obtained with a fast plut 
nium reactor having a high conversion ratio even 
though the conversion ratio might not be sufficiently 
high to give breeding. Another method of using the 


EQUIVALENT BURNUP OF NATURAL URANIUM 
(Mwd per metric ton) 





8000 16900 24000 
FUEL BURNUP (Mwd per metric ton) 


Figure 8. Equivalent Burnup of Natural Uranium in 
an Enriched Uranium Fuel Cycle 
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plutonium more effectively than in a simple burner 
would be in a plutonium recycle system. Use of 
plutonium in the fuel would permit a lower uranium 
enrichment to be used and would increase the energy 
obtained per gram of | feed. Although not con- 


sidered in the above predictions, the use of a reactor 
which will burn plutonium efficiently appears likely 
at some future time, since the operation of power 
reactors will produce a large stockpile of reactor 
grade plutonium 


V. COMPARISON OF CONVENTIONAL FUEL AND NUCLEAR 
FUEL RESERVES AND RESOURCES 


The reserves and resources of conventional fossil 
fuels have recently been discussed in some detail by 
Bruce C. Netschert* in testimony before the Joint 
Economic Committee. He points out the difficulty in 
comparing data on reserves of fossil fuels because of 
the different bases on which the reserves are calculated 
and because of the different definitions of reserves 
as applied to the various fuels. In general, reserves of 
crude oil are given as proved reserves from which 
the oil can be economically recovered at present 
prices, while reserves of coal are given as estimates 
of total amount of coal which would be feasible to 
recover. The reserves of uranium are given on a 
basis which is similar to that used for crude oil 


‘or purposes of cx aring the energy content of 
I ITpo f comparing the energy content of 
the fuel reserves, the energy equivalents shown in 
Table II are used 


TABLE Il 


Energy Equivalents of Fuels 
Energy 
Equivalent 


1 bb! crude oil 
1000 cu. ft natural gas 
1 short ton coal 


1 short ton U,O, used in high T 
and S.P. reactor plus burning 
Pu formed 


1 short ton U,O, used in hypotheti- 
cal breeding cycle with no 
losses assumed 


The energy equivalent of | short ton of U,O, used 
in the high T. and S.P. reactor fuel cycle is the ther- 
mal equivalent of the energy used for the calculation 
of uranium requirements in the previous section. This 
energy equivalent is slightly lower than that for a 
low T. and S.P. reactor because of the lower con- 
version ratio assumed. The energy equivalent of 
the Pu produced was assumed to be 1.48 gm Pu 
per Mwd(th) 


The energy equivalent of 1 short ton of U,O, used 
in a breeding cycle was calculated with the assump- 
tion that each 1.25 gm of uranium would produce 
1 Mwd(th). This assumption allows for the same 
average Capture-to-fission ratio as the thermal neu- 
tron value for U**®. No allowance is made for losses 
in fabrication, initial enrichment, or chemical process- 
ing of the fuel; hence the energy equivalent used for 
the breeding cycle is an upper limit. An energy equiv- 
alent based on present fast breeder technology would 
be at least a factor of two lower than that shown 
in Table Il 


Authoritative estimates of reserves of fossil fuels 
in the U.S.A.’ are given in Table III together with 
the equivalent energy content calculated from the 
data in Table II. The energy contents are given in 
units of Q, where Q is defined as 10'* Btu. Published 
estimates of the total future supply of fossil fuels 
in the U.S.A. are given in Table IV along with 
Netschert’s estimates’ of the resource base for each 
of the fossil fuels. These data show that there is a 
much greater factor between the resource base and 
the reserves of oil and gas than there is for coal 


TABLE Ill 
Authoritative Estimates of U.S. Reserves of Fossil Fuels 


Equivalent Energy Content 
Quantity Source of Estimate inQ 
Crude Oil 


Natural Gas 


30.5 billion barrels 
254 trillion cu. ft. 
Coal 950 billion short tons 


American Petroleum Institute 
American Gas Association 


U.S. Geologic Survey 
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Estimates of Total Future U.S. Supply and of Resource Base of Conventional Fuels 


Future U.S. Supply U.S. Resource Base 


ie 1 = 
| Energy Equivalent Energy Equivalent 


| Quantity | in@ Quantity inQ 
(reieenplliacis ee comin a 
Crude Oil 140-250 10” bbl | i d 50¢ 10” bbl 2.9 
Gas 00-1 2¢ 10'* cu. ft sR. 1200 10"* cu. ft 1.2 
sal 10'- short tons L 2.0 * 10°'- short tons 50 
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tell VI. EFFECT OF URANIUM PRICE ON FUEL CYCLE ECONOMICS 
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energy content of the reserves of uranium are i reserves of all fuels except coal. However, the 
ible to the energy content of the reserves o esource base for uranium is a factor of about 35,000 


is if a present technolo fuel cycle is assumed larger than this valu f 3.5Q 


ral OF HED URANIUM assumed that the | concentration of the waste 
material is the optimum value, which is found to be 
Q.22 percent for these separative work and feed costs 
If the $37.29 per kg cost for the feed is based on 
: ° S10 per pound ice r U.O, concentrate, then 
yf natural fuel cycle cost, the effect on t been allowed for 
fluorination | parati of the feed materia 
tions for an ideal gaseous diffusion cascade For 


ntent price of enriched uranium was first calculated. Equ 


calculation of the price of enriched uranium 


were used for this purpose. The present AEC price with higher prices for natural uranium, it was 


schedule for enriched uranium as UF, can be i issumed that the same cost for fluorination and prep 
by the equations for an ideal cascade with t st au of the feed material would apply, and als 
separative work at $37.29 per kg and the cos at the cost per unit of separative work would not 


r 
natural UF,, feed material at $39.27 per kg 
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B. FUEL CYCLE COSTS 


The effect of the price of natural uranium on the 
fuel was investigated. The prices for 
enriched uranium discussed above, 
were used to determine fuel burnup charges and fuel 
inventory Other assumptions include the 
following 


cycie cost 


calculated as 
charges 


(1) The annual fuel use charge was assumed to 
be 4 percent of the value of the uranium 
inventory as UF 


Total fuel inventory was assumed to be the 
in-core inventory plus an ex-core inventory 
equal to the annual throughput. This ex-core 
inventory allows a one-year holdup of fuel 
for fabrication, processing, and spares. The 
equivalent full-power operation per year was 
assumed to be 5000 hours. These assumptions 
are the same as those used for the calculation 
of uranium requirements above 


fr 


The value of plutonium was assumed to be a 
constant fraction of the cost of | in 90 
percent enriched uranium 


The $1.50 per gram cost of converting plu 
tonium metal has been subtracted from the 
umount allowed for plutonium credit 


Fuel cycle costs for the high-temperature and high- 
specific-power reactor are shown in Table VI for 
various The same assumptions on 
fuel depletion and burnup were made as for the cal- 
culation of the uranium requirements above. The 
initial conversion ratio for reactor is 0.51. All 
associated with fabrication of fuel elements and 
with chemical processing of the fuel were assumed 
to total $117 per kg of fuel loaded into the reactor 
If the l were to increase from 


prices of UO 


th 
Unis 


costs 


cost of natural UO, 
$10 to $20 per Ib, the fuel cycle cost would increase 
from 1.94 to 2.35 mills per kwh or only 0.41 mill 
per kwh 


If the initial conversion ratio of the reactor could 
be increased, the fuel cycle costs would be reduced 
ind would become less sensitive to the price of nat- 
ural uranium. Figure 11 shows the fuel cycle cost as 
a function of natural uranium for various initial con- 
version Variations in conversion ratio were 
assumed not to affect the other parameters that also 
nfluence fuel cycle cost, such as initial fuel enrich- 
ment. The effect of conversion ratio on fuel cycle 
cost is also shown in Figure 12, which is a cross plot 
of the data in Figure 11 


ratios 


The data in Figures 11 and 12 indicate that a con- 
version ratio substantially higher than 1.0 is required 
before the fuel cycle costs become independent of the 
price of natural uranium. There are two important 
reasons for this effect 


(1) The fuel use charge is significant and will vary 


with uranium price even though the net 
burnup charge is zero. In order to make the 
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he fuel cycle converts | into plutonium, Figure 12. Effect of Conversion Ratio on 
vhich ts a less valuable fuel. Thus, even with Fuel Cycle Cost 
onversion ratio of 1.0, there would be a 
net charge for fuel burnup ing higher costs. However, it should be pointed out 
. that a conversion ratio of 1.0 is entirely satisfactory, 
As the conversion ratio is increased, the fuel cycle J ; 
ete A \ i since it acts to give a sharply lower cost 
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The influence of the price of natural uranium on 
listinction between a breeder with conver- th 


n rat liohg] YT t th 


tly eater than | and a converter 
with a conversion ratio slightly less than | 


ne fuel cycle cost for the low-temperature and low 
specific-power reactors was also investigated. It was 
issumed that the total costs associated with the fab 


A high conversion ratio is a desirable goal, if it can rication and chemical processing of the fuel were 
% used to lower the fuel cycle cost without intro $117 per kg of fuel loaded into the reactor. This is 
er factors which would create compensat the same assumption as used for the high-temperature 


TABLE VI 


Fuel Cycle Cost in Mills/Kwh for the High-Temperature and High-Specific-Power-Reactor as the Cost of Natural 
U.O, Is Increased 








Cost of Natural U.O., $/Ib 
50 





Fabrication and Processing 


Fuel Use Charge 


4°. per annum on value of inventory as UF.) 0.23 0.32 0.57 0.95 1.70 3.96 
Fuel Burnup |} 1.35 1.80 3.00 4.89 8.45 18.75 
Sub-Total 2.34 2.88 4.33 6.60 10.91 23.47 

Plutonium Credit 
(Pu price proportional to price of 90% U**’) 0.40 0.53 0.88 1.43 2.46 5.49 
Net Fuel Cycle Cost 1.94 2.35 3.45 5.17 8.45 18.00 
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and high-specific-powe actors. Fuel cycle costs as cost of natural uranium were to increase. For exam- 
function of natural I re given in Table ple, if the cost of natural U.O, were to increase from 
VII and in Figure 11 $10 to $20 per Ib, then the present fuel cycle cost 


for the reference design could be maintained if the 
spec ific power 


1 UO, from 
the fuel cycle 


conversion ratio were to be increased from the present 
value of 0.51 to 0.70. This appears to be a plausible 
lie tt: Miaemaaiien increase in conversion ratio over the period of many 
decades which is expected to pass before the cost of 
UO, increases to the predicted value of $20 per Ib 
Other improvements in the reactor performance such 
as an improved specific power would also tend to 
lower the fuel cycle cost 


per kwh e similarity of the curves 
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nciusions on tu ) cost are not significantly 
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needed to maintain the present fuel cycle cost if the Natural UO, Increases 


TABLE VII 


Low-Temperature and Low-Specific-Power Reactor as the Cost of Natural 
UO, Is Increased 





Cost of Natural U.O., $/Ib 


Item ) 200 500 








Fabrication and Processing 5 0 1.05 1.05 


Fuel Use Charge 
(4% per annum on value of inventory as UF,,) 3.88 8.80 


Fuel Burnup 10.90 24.30 
Sub-Total 15.83 34.20 


Plutonium Credit 
Pu price proportional to 90% U 4.60 10.20 


Net Fuel Cycle Cost 11.23 24.00 
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APPENDIX 12 


OLD PROVISIONAL CONSTRUCTION PERMIT 


CRITERIA 


(1) Reasonable Assurance that a facility of the 
general type proposed can be constructed 
and operated at the proposed location with- 
out undue risk to the health and safety of 
the public; 


Reasonable Assurance that technical infor- 
mation required to complete the application 
will be supplied by the applicant; 


The applicant is technically and financially 
qualified to engage in the proposed activities; 


Issuance of the construction permit would not 
be inimical to the common defense and sec- 
urity or to the health and safety of the public. 
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NEW PROVISIONAL CONSTRUCTION PERMIT 


1 CRITERIA 


(1) Reasonable assurance that the proposed 
location is suitable from a safety stand- 
point for a facility of the size and general 
design concept proposed; 


The major features or components on which 
further research and development work 


is needed to assure the safety of the facility 
have been identified; 


Same 


Applicant will conduct a research and dev- 
elopment program to investigate the unre- 
solved safety questions. 
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